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14. ABSTRACT

Background: Metastasis is a multi-step process wherein tumor cells detach from the primary mass, migrate through barrier matrices,
gain access to conduits to disseminate, and subsequently survive and proliferate in an ectopic site. During the initial invasion stage,
prostate carcinoma cells undergo epithelial-mesenchymal-like transition with gain of autocrine signaling and loss of E-cadherin,
hallmarks that appear to enable invasion and dissemination. However, we have recently reported that some metastases express E-
cadherin in bone or liver metastasis. These finding indicate that phenotypic plasticity occurs late in prostate cancer within the metastatic
microenvironment. To determine the molecular signing mechanism responsible for this occurance, we have focused on Kaiso, a
transcriptional repressor, is expressed in the cytoplasmic and nuclear compartments of cells. The objective of this award is to
determine the influence of tumor microenvironment and the signaling mechanism through which tumor plasticity is accomplished.

Methods: HS-27a bone marrow stromal cells were cocultured with ARCaP prostate cancer cells for various time intervals in 2D or
3D culture situations. Growth and clonogenic survival was determined by the ability of prostate cells to form colonies or proliferation
in the presence or absence of 4 Gy radiation treatment or inhibiting antibodies. The surviving fraction of colonies was calculated as a
ratio of the number of colonies formed, divided by the total number of cells plated, times the plating efficiency [(# of colonies formed
+ total # cells plated) x plating efficiency].

Additionally, Kaiso expression was determined in patients tumors utilizing immunohistochemistry. Kaiso expression and localization
was determined utilizing gRT-PCR, immunoblotting, and immunofluorescence in prostate cancer cell lines. Functional analysis of
Kaiso in shKaiso-DU-145 and PC-3 cells was determined by wound healing assay, and matrigel invasion assay. sh-Kaiso PC-3 cells,
were subsequently analyzed for EMT markers expression by gRT-PCR, immunoblotting in the presence and absence of demethylation
agent. Additionally direct binding of Kaiso to E-cadherin promoter was determined by Chromatin Immunoprecipitation assay.

Results: HS-27a human bone stromal cells, in 2D or 3D coultures, induced cellular plasticity in human prostate cancer EMT model
ARCaPg and ARCaP), cells. Cocultured ARCaPr and ARCaP\, cells developed increased survival and growth advantage, with ARCaPg
exhibiting the most significant increases in presence of bone or prostate stroma. Prostate or bone stroma induced significant resistance
to radiation treatment in ARCaPg cells compared to ARCaP), cells.

In separate, but linked set of experiments we further demonstrated enrichment of nuclear Kaiso expression was observed in primary and
metastatic prostate tumors compared to normal prostate epithelium. Nuclear expression significantly correlates with clinicopathological
features. EGF stimulation increases Kaiso expression, and causes a shift of Kaiso to the nucleus. sh-Kaiso abrogation in DU-145 and
PC-3 cells blocks basal and EGF-induced cell migration and invasion, effects that are associated with re-establishment of cell-cell
contacts and enhanced expression of the tumor suppressor, E-cadherin and a reversal of EMT. Lastly, Kaiso directly binds to
methylated sequences with the E-cadherin promoter.

Conclusion: Our data demonstrate that the E-cadherin expressing cells have a growth and survival advantage over non-E-cadherin
expressing cells within the tumor microenvironment. Furthermore, this is possibly due to growth factor regulation of a newly identified
oncogene, Kaiso, in prostate cancer. .
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INTRODUCTION
The DoD funded Prostate Cancer New Investigator Award™ (PC073977) entitled “The role of Tumor

Microenvironment on Prostate Cancer Progression. We are pleased to report all aims are completed.
As the aims are interrelated and interdependent, we have highlighted the accomplishments

successively within the context of the entire text.

Overarching aims are to  “Determine role of Tumor microenvironment on Prostate
Progression” The work below represents work completed during Year 1 and 2 of the award.
(Final Publications included in Appendix)To complete this aim we first determined the effect of tumor-
stromal interactions on epithelial vs mesenchymal prostate cancer cell line ARCaP. The ARCaP model has
been described to closely mimic the patho-physiology of advanced clinical human prostate cancer bone
metastasis [10]. The ARCaPe cells were derived from single-cell dilutions of the ARCaP cells. These cells
exhibit a cuboidal-shaped epithelial morphology with high expression of epithelial markers, such as cytokeratin
18 and E-cadherin. The lineage-derived ARCaPy, cells have a spindle-shaped mesenchymal morphology and
phenotype. ARCaPy, cells have decreased expression of E-cadherin and cytokeratins 18 and 19, but increased
expression of N-cadherin and vimentin. These cells have decreased cell adhesion and increased metastatic
propensity to bone and adrenal glands [11]. The morphologic and phenotypic changes observed in the ARCaPy

cells closely resemble that of cells undergoing EMT.
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Figure 1. 3D co-culture of ARCaPg or ARCaPy, with HS-27a cells show E-cadherin expression. (A)
1x 10" ARCaP: or ARCaP,, were co-cultured with HS-27a cells in RWV for 3 days.
Immunohistochemistry of organoids were stained with anti-E-cadherin or N-cadherin antibody. (B)
2D Cocultures of HS-27a were preformed utilizing a total of 50,000cm?® HS-27a fibroblasts, after
which 20,000 cm? ARCaPg or ARCaPy, were seeded on top of the fibroblast monolayer. The co-
cultures were maintained in serum-free medium for 4 days. Immunocytochemistry of co-cul
over a 4 day period was performed utilizing anti-E-cadherin and N-cadherin antibodies. Shown are
representative images of at least three experiments
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cel

ular plasticity of the ARCaP EMT model, we coultured ARCaP cells with HS-27a cells in 3D R

WV (rotary

wall vessel) system for 3 days. ARCaPg cells formed larger prostate organoids than ARCaPy, cells, (data not

shown).

Upon immunohistochemical examination of organoids, we observed both ARCaPg and ARCaPy

express E-cadherin and lack N-cadherin expression (Figure 1A). To further examine the influence of tumor-



stroma interactions over a multi-day period we utilized a similar 2D co-cultures method. Utilizing
immunoctyochemical analysis, we observed a lack E-cadherin and robust N-cadherin staining after 1 day in
both ARCAP: and ARCaPy, cocultures. However by day 4, both ARCaPg and ARCaPy, cells formed tumor
nest that express E-cadherin and lack N-cadherin staining (Figure 1B). It is worthy to note that ARCaPy, tumor
nest appeared to develop at much smaller extent, compared to ARCaPg cocultures.

Since ARCaPe cells formed larger tumor nest and spheroids when co-cultured with HS-27a cells
compared to ARCaPy, cells, we sought to further assess if HS-27a cells preferentially stimulated the growth of
ARCaPe cells versus ARCaPy, cells. Utilizing GFP transfected HS-27a bone marrow stromal cells and RFP
transfected ARCaP: or ARCaPy, cells (Figure 2A), we examined the proliferative ability of ARCaP cells in
homotypic and coculture conditions. Growth of RFP transfected ARCaPg and ARCaPy, cells, respectively, was
quantified by relative fluorescent unites (RFU) of transfected cell lines over a 6-day period in homotypic
cultures and coculture conditions (Figure 2A). As previously reported, homotypic cultured ARCaPy, shows
significant growth compared to ARCaPe homotypic cultures, however cocultures reversed this trend with
ARCaPe cells demonstrating the most significant growth (Figure 2B). We also confirmed these findings in
ARCaPe cells in coculture using clongenic assay. Although ARCaP), cells have a higher plating efficiency than
ARCaPe cells, ARCaPg cells exhibited an 8-fold increase in their ability to form colonies after coculture
compared to 1.35 fold increase of cocultured ARCaP), cells (Figure 2C). Phase-contrast microscopy of colonies
after co-culture show that ARCaPy, colonies appear loosely adherent, while ARCaPg cells are compact and
interact physically with few of the bone stromal fibroblast (Figure 2D). Taken together, these results
demonstrate that ARCaPy, cells re-express E-cadherin when grown with bone stromal cells for longer periods.
Additionally, ARCaPt cells which have high levels of E-cadherin gain enhanced growth and self-renewal

ability when cocultured with bone stromal cells.
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Figure 2. ARCaPe cells show a growth and colony forming capacity advantage in presence of HS-27a cells. (A)
ARCaPy, cells were cocultured in the presence of GFP-HS-27a cells over a 6-day period. Growth of RFP.
ARCaP: or ARCaPy, human prostate cancer cells was assessed by RFU (relative fluorescent units) in the
presence cocultures over a 6-day period. Results are means £ SE of three independent experiments. *P , 0.05
(students t-test) compared to cell number at day 1 +SEM (B) Clongenic colony forming capacity of ARCaPg and
ARCaP,, prostate cancer cell after coculture £SEM. ARCaP\, data was normalized to ARCaPy, control, and
ARCaP¢ data was normalized to ARCaPg control. (C) ARCaPe: or ARCaPy, cells were cocultured with HS-27a
cells. Shown are phase contrast images of colonies formed in the clongenic assay.




Stromal Cells Influence Radiation Treatment in Prostate Cancer cells
Mesenchymal cancer cells have been thought to be more tumorigenic, aggressive and resistant to treatments

when compared to epithelial cancer cells [15]. A similar trend was observed in both ARCaPg and ARCaPy,

cells after (4 Gy) irradiation treatment. ARCaP,, homotypic cancer cells are more resistant to radiation
treatment compared to ARCaPe: homotypic cancer cells (Figure 3A). However, ARCaP\, co-cultures did not
affect the radiation sensitivity of ARCaP\, cancer cells. The highly sensitive ARCaPe cells exhibit a significant
increased resistance to radiation therapy, up to 3 fold, as result of their interaction with bone stromal cells
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Figure 3. Cocultured ARCaPe cells gain cell colony forming capacity and radiation resistance
when grown with bone and prostrate stromal cells. (A) ARCaPe or ARCaPy, co-cultured cells
were irradiated 24 hrs after coculture with HS-27a cells and cancer cell colony forming capacity
was assayed using clongenic assay. Results are means + SE of three independent experiments.
ARCaP),, experimental data normalized to ARCaPy, control and ARCaPg experimental data
normalized to ARCaP), control (B). ARCaPg cocultured with prostate fibroblasts Pt-C (Cancer
associated fibroblast) or Pt-N (Normal fibroblast) were irradiated and compared to non-irradiated
co-cultures. Cell colony forming capacity was assayed by clongenic assay. Data normalized to
ARCaP¢ control levels. (C) ARCaPy, cocultured with Pt-C or Pt-N were irradiated and compared
to non-irradiated co-cultures. Cell colony forming capacity was assayed by clongenic assay. Data

normalized to ARCaP,, control levels




(Figure 3A, p<0.01). To further assess the role of the prostate stroma on tumor-interactions influencing
ARCaP cellular behavior, we co-cultured paired prostate fibroblast cells isolated either from normal (Pt-N) or
cancer associated regions (Pt-C) [16]. Again, ARCaPe cells co-cultured with (Pt-N) or (Pt-C) exhibited a 7-
fold and 8-fold increase in colony formation, respectively (Figure 3B, p<0.01). We also saw a similar trend in
a growth analysis assay (data not shown).  However when measuring clongenic ability after radiation
treatment, ARCaPe cells co-cultured with either Pt-N or Pt-C had increased radiation resistance, with a 2-fold
difference observed between homotypic cultured cells. Although a significant increase in clongenic formation
was observed in Pt-C versus Pt-N cocultures (p<0.05), this did not significantly effect of the radiation
sensitivity of ARCaPy cells (Figures 3C). Taken together, both bone and prostate stroma have an inductive
effect on ARCaPe cancer cells and mediate radiation resistance (up to 2-3 fold) in epithelial cancer phenotype,

but not in ARCaPy mesenchymal cancer cells.
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Figure 4 Effect of Anti-E-cadherin antibody on tumor-stroma interactions. A. ARCaPy, and ARCaPg,
cells were pre-treated with Anti-E-cadherin antibody (SHEP8-7), cocultured with HS-27a stromal cells
for 24 h and radiated with 4 Gy. Cell colony forming capacity was assayed using clongenic assay.
ARCaPy, data normalized to ARCaP,, control levels, and ARCaPr data normalized to ARCaPg control

levels.
Blocking Adhesive contact effects Radiation Sensitivity of Co-cultured ARCaP cells

The importance of cell adhesion (i.e. cell-cell and cell-ECM adhesion) on the survival of disseminated cancer
cells has been well documented as a requirement for colonization and survival within the metastatic
microenvironment [17-19]. Therefore we utilized a well known E-cadherin blocking antibody (SHEP8-7) and
a pan-integrin antibody (CNTQ95) that targets human alpha-v-integrin, and also was shown to block prostate
tumor growth within bone [20]. Since ARCaPe cells express high levels of the epithelial marker E-cadherin,



and ARCaPy, cells can be microenvironmentally induced to express E-cadherin, we tested whether either of
these blocking antibodies would affect the colony forming ability of either ARCaPr and ARCaP,, bone stroma
cocultured cells. Pretreatment with E-cadherin antibody did not affect the colony forming capacity of either

ARCaP: or ARCaPy homotypic cultured cells, however significantly reduced the ability of ARCaPy, (p<0.001)

Figure 5
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Figure 5 Effect of Anti-alpha v integrin (CNTQ95) on tumor-stroma interactions. ARCaP\y and ARCaPg, cells
were pre-treated with CNT095 antibody were cocultured with HS-27a stromal cells for 24 h and radiated with
4 Gy. Cell colony forming capacity was assayed using clongenic assay. ARCaP), data normalized to ARCaPy,
control levels, and ARCaPg data normalized to ARCaPg control levels.

and ARCaPg (p<0.01) coultured cells to form colonies (Figure 4). Additionally, E-cadherin blocking antibody
pretreatments further increased sensitivity to radiation treatment of ARCaPy, cells in homotypic and co-cultured
conditions, similarly (p<.0.01). E-cadherin blocking antibody pretreated ARCaPe cells showed the most
significant increased sensitivity to radiation treatment in homotypic compared cocultured conditions (p<0.001),
however a significant reduction in colony formation, to a lesser extent, was observed in ARCaPg cocultured
cells (Figure 4, p<0.01). Therefore, targeting E-cadherin limited both epithelial and mesenchymal cells ability
to form colonies after coculture with bone stromal cells.

To determine the influence of intergin alpha v cell adhesion with bone microenvironment, we
performed similar clongenic formation assay. Pretreatment with CNT095 antibody significantly decreased the
clongenic ability of both ARCaPy and ARCaPe cells in homotyic cultures (Figure 5, p< 0.001). Additionally,
CNTO095 significantly decreased bone stroma induced radiation resistance in cancer cells in both ARCaPy
(p<0.001) and ARCaPg (p<0.001) cancer cells, with the most significant reduction in cocultured conditions
(p<0.001) (Figure 5). Taken together, these results suggest that bone stroma induced radiation resistance is

mediated through both E-cadherin and integrin alpha v beta signaling in epithelial and mesenchymal cells.



Thus, E-cadherin and integrin alpha v beta appear to present novel targets for metastatic and radiation resistant

cells.

Aims 2 and 3 Kaiso Expression in Relationship to E-cadherin expression. Completed during years 2 and

3 of the Award (Final Publication included in Appendix)

Kaiso expression and subcellular localization.

To evaluate the expression and localization of Kaiso during prostate cancer progression,
immunohistochemistry was used to evaluate samples from 172 patients, consisting of normal tissue (9
patients), benign prostatic hyperplasia (14 patients), adjacent normal tissue (17 patients), primary tumors (142
patients), and metastases (6 patients). There was low expression of the Kaiso protein in luminal cells of non-
cancerous samples (Fig 6, panel A); expression was predominantly in the membrane or cytoplasm (Fig 6,
panels B and C). There was, however, nuclear expression of Kaiso in the basal cells of adjacent normal tissue

(panel B).

Figure 6

Fig 6 — Abnormal nuclear expression of Kaiso in Prostate Cancer Specimens. Representative
data from imunohistochemical studies of 172 PCa specimens are shown. A, Kaiso levels in a
normal, healthy, prostate, with low staining seen in glandular epithelia. B, Kaiso expression in
normal epithelia from adjacent PCa tumors, shows discernible cytoplasmic staining in
epithelia, and nuclear positivity in the basal cells. C, Kaiso expression in Benign Prostatic
Hyperplasia (BPH) show cytoplasmic with low nuclear positivity. D, Kaiso expression in low
Grade 1 tumors exhibited a general up-regulation of Kaiso expression with cytoplasmic and
nuclear positivity. E-F, High Grade 4 and lymph node metastasis exhibited uniform intense
nuclear expression of Kaiso. All images were taken at a 400X magnification.




In contrast to previous reports, Kaiso expression was observed within the nucleus, with weak to moderate
expression in tumors with low Gleason scores (panel D), and strong, intense expression in tumors with high

Gleason scores and in metastases (panels E and F). Nuclear expression of Kaiso was found to significantly
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Fig 7 — Quantitative Analysis of Nuclear Kaiso in Prostate Tumor Progression. A, nuclear
expression of Kaiso was analyzed and presented in box plot. Nuclear Kaiso levels increase
monotonically from normal, BPH, adjacent normal, primary tumor, and metastasis, with all
four p-values less than 0.05. (Normal and BPH is p=0.016; BPH and adjacent normal is
p=0.01; adjacent normal and malignant is less than p<0.0001; malignant and metastasis
p<0.0001). B, Points represent nuclear Kaiso staining intensity of individual African-
American and Caucasian patients of similar age (67-80) and grade 3; bars represent the
median value for the sample set. (p< .0001). C, Cytoplasmic Kaiso expression and D, Nuclear
Kaiso expression in paired (surrounding non-tumor) normal and primary tumor tissues from
n=13 prostate cancer patients.

correlate with tumor grade > 2 (p <0.001) and Gleason score >7 (p <0.001) (Table 1). Cytoplasmic expression



was observed in tumors samples, however correlations with clinicalpathological features were not found to be
significant. Increased nuclear expression occurred in a stage-specific manner, with the largest differential
expression between metastatic tumors and normal samples, however difference between primary tumors and
normal samples were significant as well. (Fig 7A). Further characterization of nuclear Kaiso expression in high
grade of similar age African-Americans (n=22) and Caucasian (n=18) primary tumors, show that African-
American patients express higher mean values of Kaiso (p <0.0001): independent of grade and age (Fig 7B).
Further Kaiso nuclear expression significantly correlated with race (p=.0032) (Table 2).

To determine if there is a shift in Kaiso localization in prostate tumors, matched normal and tumor
samples were evaluated (n=13). Cytoplasmic expression was significantly decreased in paired primary tumors
compared to normal samples (p<0.0001) (Fig 7C); however there were significant increases in nuclear
expression within the same patients (p<0.0001) (Fig 7D). This analysis supports the idea that there is a
progressive enhancement of abnormal Kaiso expression during prostate cancer progression and that the extent

of abnormal expression correlates with progression.

Table 1 Correlation of Kaiso subcellular localization with Clinical Features

Characteristics Aﬂ Cytoplasmic Kaiso Expression pT Nuclear Kaiso Expression
patients
<053 (median) =053 =2 45(median) >2.45
Total 142 70 72 73 69
Age
=69 5(median) 71 27 44 0.0072 35 36
=695 71 43 28 38 33
Grade
=2 70 39 31 0.1066 37 13
=2 69 29 40 13 56
Gleason score
=7 52 20 32 0.6394 29 23
=7 50 7 33 10 40
PSA(ng/mL)
=17{median) 15 4 11 0.1587 3 12
=17 15 5 10 g 7

TP value for the correlation of mean expression with clinical feature. p values were obtained with the y2test
*Statistics were not preformed on samples without clinical information.



Table 2: Correlation of nuclear Kaiso expression and clinical features in 40 patients with prostate cancer

All patients Nuclear Kaiso Expression ot
=1.87(median) »1.87
Total 40 23 23
Age
<73(median) 19 11 8 0.555
=73 21 E 12
African American 22 6 16 0.0032
Caucasian 18 12 6

Expression and Subcellular Localization of Kaiso in Prostate Cancer Cell Lines
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Figure 8. Endogenous Kaiso Expression and Localization in Prostate cancer
progression model. (A) gRT-PCR analysis were used to compare the mRNA level of
Kaiso in DU-145, DU-145 WT (EGFR overexpressing), and PC-3 cells. HRPT1 was used
as loading control. (B) Immunofluorescence was utilzed to determine Kaiso localization
in DU-145, DU-145 WT, and PC-3 cells. Anti-Kaiso 6F8 was utilized as primary antibody.
Anti-Mouse HRP Anti-Mouse Alexa 488 was utilized as secondary antibody (Green).
Dapi was utilzed as nuclear counter stain (Blue). (C) whole cell lysate and cytosolic and
nuclear fractions were isolated by sequential extraction. As a loading control for the
nuclear extracts, TFIID was used, and B-action used as a loading control for the whole-
cell lysates and cytosolic fraction.

Since there have been no reports of Kaiso expression in prostate cancer cell lines, its expression and
localization were evaluated in LnCaP, DU-145 and PC-3 cells, and in a DU-145 subline (DU-145WT) that was
genetically engineered to over-express EGFR. DU-145 WT cells escape EGFR down-regulation and
demonstrate enhanced invasiveness in vitro 12 and in vivo 13. qRT-PCR show that Kaiso levels were elevated at
the mRNA in DU-145 WT and PC-3 cells compared to LnCaP and DU-145 cells (Supplemental Fig 8A).
Confocal images show that Kaiso is located in both the cytoplasmic and nuclear compartments in all cell lines.,
However, the more aggressive DU-145WT and PC-3 cells showed increased presence of nuclear expression
compared to LnCaP and DU-145 cells (Fig 8B), which was verified after quantification of fluorescent intensity

in each compartment (Fig 8C). The influence of EGFR expression on Kaiso localization was further



demonstrated by the fact that subcellular fractions of DU-145 WT cells show elevated nuclear expression, while
DU-145 cells exhibit low amounts of nuclear levels, which correlated with the confocal images (Supplemental

Figure 8B). Thus, it appears that the subcellular localization of Kaiso is associated with EGFR expression.

Activation of EGFR signaling results in increased Kaiso expression and nuclear localization.

Various lines of evidence suggest the involvement of EGFR signaling in prostate cancer 14, 15. To
identify EGFR as an upstream regulator of Kaiso, 10 ng/ml EGF, a concentration showing most significant fold
increase (data not shown), was utilized in a time-dependent assay over 24 hours. DU-145, DU-145 WT, and
PC-3 lines showed incremental increases in Kaiso expression at the RNA level; DU145WT cells show the
greatest increase (4-fold) as early as 1 hour after EGF stimulation (Fig 9A). Increases in Kaiso expression were
also observed at the protein level, as determined by immunoblots, with significant increases observed as early

as 6 hours and sustained over 24 hours of exposure to EGF (Fig 9C).



Since we observed that increases in Kaiso expression are associated with a subcellular localization

pattern in our patient cohort, we further determined if EGFR induced increases in Kaiso expression, coincided
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Fig 9 EGF induces Kaiso expression and cytoplasmic to nuclear localization in Prostate Cancer Cell
lines. DU-145, DU-145 WT, and PC-3 prostate cancer cell lines were treated with 10ng/mL of EGF for
0, 1, 6, 24 hours and assayed for A, mMRNA Kaiso levels by gRT-PCR with Kaiso-specific TagMan
primers and HPRT1 as the loading control . Data is normalized to control; n = 4 + s.e. B, Kaiso protein
levels in whole cell lysates by immunoblot utilizing, anti-Kaiso antibody and anti-p-actin antibody as
loading control. Images shown are representative of three individual experiments. Densitometry was
performed on individual time intervals and compared to control. C, Kaiso subcellular localization
(Green) was determined by immunofluorescence. Note the colocalization of Kaiso in nucleus (Green)
with nuclear stain Dapi (Blue) after EGF treatment in DU-145 cell. Images shown are representative of
three individual experiments (Bar, 25 uM). D. Bar-graph quantification of Kaiso intensity in the
individual cytoplasmic and nuclear compartments of DU-145 cells treated with 10ng/ml of EGFR
compared to untreated control. Data is normalized to control; n =3 £ s.e *p<0.05. Kaiso mRNA levels,
was determine by gRT-PCR, in the presence or absence of 10ng/ml EGF or EGFR specific kinase
inhibitor, PD153035, in DU-145 WT and PC-3 cells utilizias the loading control. Data was normalized to
control. F, Kaiso protein levels were determine by immunoblot in the cytoplasm and the nucleus in the
presence or absence of 10ng/ml EGF or EGFR specific kinase inhibitor, PD153035, in DU-145 WT and
PC-3 cells. B-actin served as loading control. Images shown are representative of three individual
experiments. ng Kaiso specific TagMan primers and HPRT1




with a subcellular localization in our cell culture model. After only 0.5 hours, EGF caused perinuclear
accumulation of previously dispersed Kaiso in DU-145 cells, with visible nuclear accumulation at 1 hour. After
24 hours significant increases in both cytoplasmic and nuclear expression was observed, although nuclear
expression was the most significant (Fig 9B). DU-145WT and PC-3 cells, which endogenously express high
levels of nuclear Kaiso, demonstrated similar trends as DU-145 cells. Both cytoplasmic and nuclear Kaiso
expression increased upon exposure to EGF, however nuclear expression remained significantly higher
throughout the exposure times periods. To more clearly define the role of EGFR activation on increases in
Kaiso expression and localization, we utilized an EGFR-specific kinase inhibitor, PD153035 (500 nM), in the
presence or absence of EGF. PD153035 significantly reduced mRNA Kaiso expression levels even after EGF
pretreatment (Fig 9 D). After subcellular fractionation and subsequent immunoblot of both DU-145 WT and
PC-3 cells, we also observed that PD153035 significantly reduced expression of Kaiso in the cytoplasmic and
nuclear compartments (Fig 9 E,F), which is a reversal of the expression pattern observed in endogenously
expressing and EGF treated DU-145 WT and PC-3 cells. Thus, EGFR signaling positively affects Kaiso

expression and subcellular localization.



Mediation by p120ctn of EGFR Induced Cytoplasmic-to-Nuclear Localization of Kaiso

Figure 10
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Fig 10. p120ctn is required for EGF induced nuclear localization of Kaiso. A, Activation of EGFR
p120ctn tyrosine resides, Y228 and Y96 (Green) was determined by immunofluorescence utilizing
specific antibodies to p120ctn tyrosine(s) Y228, and Y96. Images shown are representative of three
individual experiments. B, DU-145 and DU-145 WT cells were treated with 10ng/ml for indicated
time points and whole-cell lysates were immunoblotted for total p120ctn with B-actin served as
loading control. Ci, p120ctn siRNA were exposed to DU-145 cells for 24 h and compared to the
scrambled (si-Scr) control siRNA Cii, si-p120ctn pretreated cells were subsequently treated with
10ng/ml of EGF treatment for 24hrs and analyzed for Kaiso subcellular localization after 24hr by
immunofluorescence utilizing anti-Kaiso antibody, Bar, 25 uM. D, relative intensity of fluorescence
of the entire cell was measured in the cytoplasmic and nuclear subcellular compartments and
guantified utilizing Metamorph imaging software.

p120°" has been demonstrated to specifically interact with Kaiso [4, 5, 25], however this has
primarily been observed in the nucleus, where p120ctn inhibits Kaiso DNA binding [4, 26]. p120ctn
contains multiple tyrosine residues located within its regulatory domain. Of these EGFR has been
demonstrated to have specific phosphorylation of tyrosine Y228 [27], however a direct link between
EGFR activation of p120ctn and Kaiso localization has not been demonstrated. Therefore, we sought to
determine if cytoplasmic pl20ctn mediates Kaiso nuclear localization. As determined by

immunofluorescence, EGF induced the activation of full-length p120ctn as well as expression of



phosphorylated Y228 and Y96 (Fig 10A), which was maintained in the cytoplasm after 24 hours.We did
not detect any levels of Y291 before or after EGF treatment (data not shown). In both DU-145 and DU-
145WT cells, EGF stimulation also resulted in time-dependent decreases in total pl20ctn expression

(Figure 10B), which correlates with decreased p120ctn observed in prostate tumors [28].

To determine if p120ctn is required for EGFR-induced Kasio nuclear shuttling, siRNA-p120ctn
transfection was used to reduce p120ctn expression (Fig 10Ci). Subsequently, siRNA p120ctn transfected
DU-145 or scramble-transfected cells were treated with EGF for 24 hours. siRNA p120ctn transfected
DU-145 cells failed to exhibit nuclear Kaiso expression over a 24-hour period of EGF stimulation
compared to scramble-transfected cells, which showed nuclear Kaiso (Fig 10Cii). Further, quantification
of fluorescent intensity of Kaiso expression revealed that Kaiso localization remained cytoplasmic in si-
p120 treated cells, compared to predominantly nuclear expression in scramble-treated cells, after exposure
to EGF (Fig 10D). These findings suggest the important role for p120®" in Kaiso nuclear localization, and
highlight a novel signaling cascade that regulates Kaiso subcellular localization in prostate cancer cell

lines.
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Fig 11. Kaiso is required for EGF induced cell migration and invasion. A, shRNA
Kaiso downregulated Kaiso levels at mMRNA as determined by qRT-PCR with Kaiso
specific TagMan primers and HPRT1 as the loading control or protein levels by
immunoblot. B-actin served as loading control B, shRNA DU-145 or PC-3 cells
were wounded and treated with EGF for 24 hours. Blue vertical bars indicate the
starting area migration on Day 0. Photos were taken at 100X magnification and DU-
145 images serve as representative images of both DU-145 and PC-3 cell lines. C,
Quantification of area migrated in presence or absence of EGF stimulation in
ShRNA DU-145 or PC-3 cells compared to scrambled control si-Scr show that
Kaiso depletion significantly decreased cell migration. Data was normalized to
control (red bar). C, shRNA DU-145 and PC-3 cells were plated on Matrigel-coated
filters and the invasive cells were fixed, stained with crystal violet, and counted.
shRNA Kaiso cells show decreased invasiveness compared to sh-Scr and controls.
All data presented are the mean of three independent experiments £s.e.*P<0.05.

Promotion by Kaiso of EGFR-Induced Prostate Cancer Cell Migration and Invasion  To further define the
function of Kaiso in prostate cancer cells, DU-145 and PC-3 cells were stably transduced with a plasmid vector
containing the sh-Kaiso silencing sequence (Fig 11A). Both sh-Kaiso DU-145 and sh-Kaiso PC-3 clones
exhibited delayed migration, even in the presence of EGF stimulation, as measured by wound-healing assays
(Fig 11 B,C). These results show that Kaiso is a mediator of EGFR-induced migration of prostate cancer cells.
For cancer cells to invade surrounding tissue, the cells must degrade the underlying basement membrane. To

determine the function of Kaiso in invasion by prostate cancer cells, sh-Kaiso PC-3 and sh-DU-145 were



seeded onto a filter coated with Matrigel and compared to cells exposed to the vector only. Suppression of
endogenous Kaiso expression resulted in inhibition of cell invasion, resulting in a reduction in the ability of the

cells to invade through Matrigel (Fig 11 D).
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Fig 12. Kaiso regulates E-cadherin expression. A, E-cadherin mRNA levels was
determined by gRT-PCR in sh-Kaiso PC-3 cells, sh-Scr (vector only) and control
cell treated with demethylating agent, 5-aza-2'-deoxycytidine (5-aza) utilizing E-
cadherin TagMan specific primer with HPRT1 as the loading control. Data was
normalized to control (n=4) + s.e. B, sh-Kaiso PC-3 cells, sh-Scr (vector only) and
control lysates were immunoblotted with an anti-E-cadherin, anti-N-cadherin
antibody, anti-fibronectin antibody, and anti-p120ctn antibody. B-actin served as
loading control. Shown is one of two representative blot series. C. Chromatin
sample from PC-3 cells was subjected to ChIP by mouse IgG (lane 1) and specific
antibodies against RNA pol 11 (lane 2) and Kaiso (6F/6F8, ChlIP grade, Lane 3).
Mouse 1gG was used as a negative control. Lane 4 was no DNA negative control.
ChIP products were analyzed by real-time PCR specific E-cadherin primer set (-
1290 to-1570) to amply methylated region. D, E-cadherin and p120ctn localization
was determined by immunofluorescence in sh-Kaiso or sh-Scr PC-3 cells utilizing
anti-E-cadherin (Red) and Dapi nuclear stain (Blue). Arrows indicate E-cadherin
staining at cell-cell junctions. DIC images demonstrate an altered cellular
morphology in sh-Kaiso PC-3 compared to sh-Scr PC-3 cells (Bar,25 uM).




Repression of E-cadherin by Kaiso in prostate cancer cells

In various cancer types, increased cell migration and invasion has been attributed to growth factor
induced loss of E-cadherin or to hypermethylation of the E-cadherin promoter [16, 17]. Since Kaiso has high
affinity for methylated dinucleotide sequences and is regulated by EGFR, we next sought to determine if
suppression of Kaiso restored E-cadherin expression in sh-Kaiso PC-3 cells. Control PC-3 cells and vector only
cells show no E-cadherin expression, as previously reported [17]. sh-Kaiso PC-3 cells, however, show 8-fold
increased expression of E-cadherin mRNA, as measured by qRT-PCR. Furthermore, the level of re-expression
was comparable to that of PC-3 cells exposed to the demethylating agent, 5-aza-2'-deoxycytidine (5-aza) (Fig
12A). There was also an increase in epithelial markers E-cadherin and p120ctn expression, and a decrease in
mesenchymal markers N-cadherin and fibronectin expression at the protein level, as determined by
immunoblots (Fig 12B). To determine whether Kaiso directly binds to E-cadherin we performed ChiIP assay.
Immunoprecipitated DNA was incubated with anti-Kaiso antibody, anti-RNA pol 1l (positive control) or 1gG
antibody (negative control). and subjected to PCR with specific primers designed to amplify the Kaiso
(mCGmMCG) binding sites in the E-cadherin promoter region. Our results show that the Kaiso antibody (not
negative control IgG antibody) enriched a mCGmCG fragment within the E-cadherin promoter (Fig 12C).
These results demonstrate that Kaiso can bind to directly to methylated regions in the E-cadherin promoter in
PC-3 cells. It is well recognized that membrane expression of E-cadherin regulates cell polarity and increases
cell-cell cohesiveness limiting the migratory ability of tumor cells [10, 19]. Therefore we performed
immunofluorescence for E-cadherin and p120ctn in sh-Kaiso PC-3 cells, compared to vector only sh-Scr PC-3
cells. sh-Kaiso cells exhibited E-cadherin at cell-cell contacts as well as increased p120ctn, which is rate
limiting for E-cadherin stability [20, 21], at the cellular membrane (Fig 12D). Furthermore, sh-Kaiso PC-3 cells
also exhibited more of an epithelial morphology compared to the mesenchymal morphology exhibited by sh-
Scr PC-3 cells (Fig 12C). Collectively, these results suggest that EGFR-regulated expression and subcellular

re-localization of Kaiso promotes methylation-related gene silencing of E-cadherin.

CONCLUSION

Collectively, these studies in highlight the influence of the tumor microenvironment on prostate cancer
progression and suggest that tumor cell plasticity is necessary to successfully complete the step of metastasis.
Furthermore these studies highlight Kaiso cytoplasmic-to-nuclear localization, which correlates with many
clinicopathological features of aggressive prostate cancer progression, is responsible for hypermethylation
induced epithelial-to-mesenchymal transition associated plasticity. ~ The fact that we found that Kaiso is
regulated through EGFR activity provides additional mechanistic insight into the underlining signaling
pathway that apparently mediates this process. Because a large number of tumor/metastasis suppressor genes
are silenced as a result of methylation, Kaiso could be a central regulator of many key events that contribute to

tumorigenesis and aggressiveness. Targeting of growth factor receptors has shown minimal therapeutic effects



for prostate cancers, however targeting of downstream mediators, such as Kaiso, could be a rational approach

for developing a new target for directed therapies.

MATERIALS AND METHODS

Cell culture, antibodies and reagents.

Human prostate cancer cell lines DU-145 and PC-3 were obtained from the ATCC and were routinely cultured
in DMEM medium supplemented with 10% FBS (Gibco, Paisley, Scotland), and antibiotics in a humidified
atmosphere of 5% CO0, in air. In these conditions the duplication period of the cells is 36 h.

DU-145 EGFR overexpressing cells (DU-145 WT) were generated by transfecting DU-145 cells with
retroviral-containing EGFR constructs [44]. Primary antibodies were obtained as follows: Kaiso 6F clone
(Abcam, Boston, Massachusetts); p120ctn, E-cadherin, N-cadherin and those for tyrosine residues Y228, Y96,
Y290 of p120ctn (BD Biosciences , Oregon). Mouse secondary antibodies, Alexa 488, 594, and 625, were
obtained from Invitrogen (Oregon). Human EGF was obtained from BD Biosciences (Kentucky). The EGFR-
specific tyrosine kinase inhibitor, PD153035, was purchased from CalBiochem (California). Other reagents
were obtained from Sigma (Missouri).

The human prostate cancer cell lines, ARCAPg, ARCaPy, and the HS-27a bone stromal cells were
utilized in this study and purchased from ATCC (Manasss, VA). Isolation and characterization of the human
prostate cancer RFP-ARCaP cell lines has been reported [48]. Red Fluorescent Protein (RFP) transfected cells
were maintained in G418 (350 mg/ml) prior to experimentation. All cell lines were grown in a 5% CO,
incubator at 37°C in media consisting of T-medium (Invitrogen, Carlsbad, CA) supplemented with 5% (v/v)

fetal bovine serum and 1% Penicillin—Streptomycin.

Co-cultures

Initial co-cultures performed as previously described [12, 39] with modifications. Co-cultures consisted of 50
000 cells/cm? of HS-27a bone marrow stromal cells and 2000 cells/cm? prostate cancer cells. Co-cultures were
maintained in serum-free T-media, and plated on tissue culture dishes.

Clongenic Assay

Cells were plated at low densities in six-well plates for 24 hr and then were irradiated with the appropriate
radiation dose. Twenty-four hours later, the media were changed and cells were incubated until they formed
colonies having at least 50 or more cells. Seventeen days later colonies were rinsed with PBS, stained with
methanol/crystal violet dye, and counted. The colony formation ability was calculated as a ratio of the number
of colonies formed, divided by the total number of cells plated, times the plating efficiency Ai. For experiments

with cocultures, cells were initially incubated on a mat of stromal cells for 24 h and radiated, 4 h later



clongenic assay was performed. For antibody based experiments using anti-E-Cadherin (15 pug/ml, DECMA or
SHEP8-7, Sigma) and integrin alpha-v (20 pug/ml, CNT095) antibody, cancer cells were treated with respective

antibodies for 24 h prior to plating them on a mat of stromal cells.

Radiation

External beam radiation was delivered on a 600 Varian linear accelerator (Varian Medical Systems, Inc.Palo
Alto, CA) with a 6 MV photon beam. A 40 x 40 cm field size was utilized and Petri dishes were placed on 1.5
cm of superflab bolus. Monitor units (MU) were calculated to deliver the dose to a depth of dmax at a dose rate
of 600 MU/min.

Immunohistochemistry

The prostate cancer tissue microarrays were obtained from US Biomax (Maryland) or from the UAB
Tissue Bank. The use of tissue was approved by the Institutional Review Board of both Tuskegee University
and University of Alabama at Birmingham (UAB). Immunohistochemistry was performed using the anti-Kaiso
clone 6F (Upstate Biotechnology, New York) as previously described. Duplicate microarrays were stained for
evaluation by immunohistochemistry [45]. Briefly, cells were examined, by a pathologist , separately for
membranous, cytoplasmic, and nuclear staining for Kaiso and classified with respect to the intensity of
immunostaining, with the percent of cells determined at each staining intensity from 0 to +4 [46]. To permit
numerical analysis the proportion of cells at each intensity can be multiplied by that intensity. Statistical analyses
were performed using Pearson's Chi-Square test to analyze the relationships between cytoplasmic and nuclear

expression of Kaiso and clinicopathological factors.

Immunoblotting
Cells were grown to 80% confluency in six-well plates. Lysates were prepared from cultured cells in a

solution containing 50 mM Tris, pH 75; 120 mM NaCl; 0.5% Nonidet p-40; 40 uM
phenylmethylsulfonylfluoride (PMSF); 50 ug/ml leupeptin; and 50 pg/ml aprotinin (all from Sigma, Missouri).
Cells were allowed to lyse for 1 hour on ice. The lysed cells were centrifuged, and the resulting supernatants
were extracted and quantitated by use of a Bradford assay. Lysates (30 g of protein) were separated by 7.5%

SDS PAGE, immunoblotted, and analyzed by chemiluminescence (Amersham Biosciences, New Jersey).

Immunofluorescence microscopy

Cells (3 x 10°) were grown for 2 days or to 80% confluency on glass coverslips. Cells were then fixed
with Methanol alone or 4% paraformaldehyde, permeabilized with 200 mM Tris-HCI, pH 7.4; 150 mM NacCl;
10 mM EGTA; 1% Triton X-100; 1 mM PMSF; and 50 pg/ml aprotinin (all from Sigma). and subsequently

blocked with 5% bovine serum albumin (BSA) for 1 hour at room temperature. Identical results were obtained



with both methods. Samples were incubated with indicated primary antibodies diluted in blocking buffer at
4°C overnight. FITC-conjugated secondary antibody (BD Biosciences, California) was added. Cells were then
treated with 4'-6-diamidino-2-phenylindole for nuclear staining and analyzed with a DSU confocal microscope
(Olympus, New York). To determine the relative intensities, the total area of each image was measured as well
as the threshold intensity for each channel utilizing Metamorph Imaging Software (Molecular Devices, Inc.,
California). Differences between the two intensities were then determined by Excel. Bar graphs represent n = 4
images sectioned and individually analyzed for total area. All quantitative data were normalized to appropriate

control images.

Quantitative real-time PCR (gRT-PCR)

RNA was extracted from prostate cancer cells using TRIzol (Invitrogen). cDNA was prepared using
Superscript 1l First Strand cDNA Synthesis kits (Invitrogen) and detected by Kaiso-specific TagMan.
Hypoxanthine-guanine phosphoribosyltransferase (HRPT1) (Applied Biosystems, California) was used to
normalize all RNA samples. RNA analyses were performed in triplicate, and fold change was calculated using
the 2 -ACt value method.

RNAI

Transient transfection of p120ctn siRNA (Santa Cruz, CA) (100 nM or 150 nM) and stable transfection with a
shRNA construct specific for human Kaiso (Origene Technologies, Rockville, Maryland) were performed. For
siRNA p120ctn transfections 4 ml portion of Lipofectamine 2000 (Invitrogen, California, USA) was diluted in
200 ml of Opti-MEM and incubated for 5 min at room temperature. The diluted siRNA and Lipofectamine
2000 were mixed and incubated for 20 min at room temperature. Complexes were added to each well and
incubated for 24 h. Media were changed and incubated for an additional 24 h. For siRNA p120 transfections,

cells were lysed according to established protocols.

To generate stable sh-RNA Kasio cells, the HuUSH 29-mer for Kaiso was provided in the pRFP-C-RS
plasmid driven by the U6-RNA promoter. Plasmid DNA pRFP-C-RS, containing puromycin resistant gene,
expressing Kaiso-specific ShRNA and scrambled shRNA were transfected into DU-145 or PC-3 cells using
Lipofectamine 2000 (Invitrogen)... The medium was replaced by T-medium containing 2 pg/ml puromycin for
selection of antibiotic-resistant colonies over a period of 3 weeks. The puromycin-resistant cells were further
selected by use of red fluorescence protein (RFP) as a marker to enrich for cells expressing ShRNA. shKaiso
cells were plated at clonal densities, and >20 clones were chosen to determine the degree of knockdown. Clones

with the lowest Kaiso levels were kept for further analysis.

Cell migration



Migration of cells was assessed by their capacity to move into an acellular area; this was accomplished
with a two-dimensional (2D) wound-healing assay, as previously described [47]. With cells at 70-80%
confluence, a denuded area was generated in the middle of each well with a rubber policeman. The cells were
then exposed to EGF (0 or 10 ng/mL) and incubated for 24 hours. The distance that cells moved was
determined and quantified in Metamorph imaging software. All measurements were normalized to values for

controls.

Invasion assay

Cell invasiveness was determined by the capacity of cells to migrate across a layer of extracellular
matrix, Matrigel, in a Boyden Chamber. Briefly, 20,000 cells were plated in the Matrigel-containing chamber
in a serum-free medium containing 1% BSA for 24 hours; this was then replaced with a serum-free medium for
an additional 24 hours. The number of cells that invaded through the matrix over a 48 hour-period was
determined by counting, on the bottom of the filter, cells that stained with crystal violet. All experiments were

performed in triplicate.

Statistical analysis

For all experiments, statistics were performed with Microsoft Excel or Graphpad prism software.
Independent Student’s t-test was utilized to determine statistical differences between experimental and control
values. Tissue correlations were performed with Matlab (Mathworks Inc., Natick, MI, USA). p-values < 0.05

were considered statistically significant.
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1. Tumor Stroma induces Tumor plasticity in prostate cancer cells.

a. Tumor-Associated stroma induces a MErT , with increased E-cadherin expression in
prostate cancer cells.

b. Bone or prostate stroma decreases sensitivity of Prostate cancer cell lines to radiation
treatment.

c. Bone stromal causes and EMT-MET transition of prostate cancer cells.

d. Manuscript published in Journal of Onocology

2. Kaiso as Biomarker for Invasive Prostate cancer

a. Overexpression of Kaiso was determined to be associated with prostate cancer
progression in large cohort of tumor samples. With African American patients
displaying significantly higher expression. (This was not in our original proposal, and
an unexpected, but very interesting finding from our prosed staining for Kaiso in
prostate tissue.

b. Cytoplasmic to nuclear localization of Kaiso is associated with invasive and metastatic
prostate cancer and this correlates with tumor grade and clinical stage.

c. EGFR signaling regulates cytoplasmic to nuclear shuttling of Kaiso via p120ctn.

d. Kaiso promotes increased migration and invasion, with direct binding to methylated
sequences in E-cadherin promoter, thus promoting EMT

e. In sum we highlighted the an entire signaling network through which induced Kaiso
localization is associated with aggressive prostate cancer characteristics.

f.  Manuscript published in American Journal of Pathology
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HS-27a human bone stromal cells, in 2D or 3D coultures, induced cellular plasticity in human prostate cancer ARCaP¢ and
ARCaPy cells in an EMT model. Cocultured ARCaPr or ARCaPy cells with HS-27a, developed increased colony forming capacity
and growth advantage, with ARCaPr exhibiting the most significant increases in presence of bone or prostate stroma cells. Prostate
(Pt-N or Pt-C) or bone (HS-27a) stromal cells induced significant resistance to radiation treatment in ARCaPy cells compared
to ARCaPy cells. However pretreatment with anti-E-cadherin antibody (SHEP8-7) or anti-alpha v integrin blocking antibody
(CNT095) significantly decreased stromal cell-induced radiation resistance in both ARCaPg- and ARCaPy-cocultured cells. Taken
together the data suggest that mesenchymal-like cancer cells reverting to epithelial-like cells in the bone microenvironment through
interaction with bone marrow stromal cells and reexpress E-cadherin. These cell adhesion molecules such as E-cadherin and
integrin alpha v in cancer cells induce cell survival signals and mediate resistance to cancer treatments such as radiation.

1. Introduction

Prostate cancer is the most frequent tumor in men, afflicting
African American males to a greater degree than Caucasians.
Morbidity and mortality are mainly attributable to metas-
tasis; yet the mechanisms associated with progression are
largely unknown. Localized carcinomas are readily removed
surgically, but once a tumor has established metastases,
current therapies are not curative and prolong survival by
only a few years. Metastasis occurs through a multistep
process, where metastatic cells must intravasate local tissues
and enter into and survive in the blood stream. These
cells then extravasate into the secondary tissue and initiate
and maintain micrometastases at distant sites, with the
end result being the development of a metastatic tumor
[1, 2]. During each step of this process, cancer cells exhibit
transdifferentiation properties that allow both the spatial

and temporal expression of epithelial and mesenchymal
properties in response to microenvironment signals and
its own basic survival needs (e.g., motility and invasion
versus proliferation). Thus, a model of cellular transitions, as
opposed to a continual progression to permanent differen-
tiation state, is emerging as a significant mechanism during
metastasis. A greater understanding of these mechanisms will
result in clinical improvements and a better control of the
metastasis process.

Epithelial-mesenhymal transition (EMT) was first de-
scribed during development [3, 4]; however an EMT-like
phenotypic change has been observed in a number of solid
tumors [5-7]. This transition is typically characterized by
a loss in E-cadherin and cytokeratin expression. EMT in
cancer, as in development, is associated with an increase
in cell proliferation [8, 9] and the acquisition of a mes-
enchymal phenotype that includes vimentin, N-cadherin,



and osteopontin expression. In both normal development
EMT and cancer-associated EMT. the loss of E-cadherin
is critical to the differentiation and maintenance of the
epithelial phenotype and provides a structural link between
adjacent cellular cytoskeletons, which is important for tissue
architecture, Cells that have undergone EMT (E-cadherin
negative mesenchymal cells) subsequently become mors
migratory and invasive and proceed to traverse underlying
basement membranes, with an acquired ahility to intravaste
the surrounding local tissue and gain access to vascular
conduits. As such, the loss of E-cadherin is rate limiting for
EMT [10, 11]. Recent reports from this laboratory and others
have described a mesenchymal to epithelial reverting tran-
sition (METT) to occur, where mesenchymal-like prostate
cancer cell lines reexpress E-cadherin to become epithelial-
like, and reestablish cellular adhesion during colonization
within the liver tumor microenvironment |12, 13]. These
findings are shared in clinical metastases of various cancer
origins including breast, colon, and bladder, where robust
membrane expression of E-cadherin was observed, and the
paired more differentiated primary tumors were E-cadherin
negative [6, 14]. Thus, a reversion of the mesenchymal
phenatype appears to be important in latter stages of
metastasis.

Mumerous studies have shown that the underlying influ-
ence of these cellular transitions is a consequence of mmor-
stromal interactions [15, 16]. Coculture studies have found
that the survival and proliferation of cancer cells are inti-
mately linked to the soluble factors in the microenvironment,
such as EGE TGF-§, IGF-] that contribute to survival and the
subsequent formation of macrometastasis | 1 7-20]. However,
these factors are not likely to have a direct effect during
initial metastatic colonization, and thus heterotypic and
homaotypic cellular adhesion has been proposed to provide
the necessary survival signals for successful colonization [21,
11]. Current state-of-the-art technology does not provide
the necessary resolution to determine at the single cell
level in patients or experimental in wive systems, individual
cells that have successfully colonized the secondary site.
However, numerous reports have firmly established that
cancer-stromal interactions in vitre 0F in three-dimensional
(30} assays accurately mimic the drug sensitivity/resistance
behavior of those cells found within solid tumors in vive in a
preclinical or clinical setting [23]. Thus, we employed a novel
coculture assay to determine the cellular plasticity of cancer
cells promoted by the bone stroma and the effect of mmor-
stromal interactions on irradiation therapy in prostate
Cancer.

The ARCaP model is the only robust prostate cancer
bone metastatic model which demonstrates epithelial to
mesenchymal transition(EMT). The ARCaP progression
model consists of ARCaPy (epithelial) and ARCaPy (mes-
enchymal), where the ARCaPg cells have a bone metastatic
potential of 12.5% and the ARCaPy cells have a bone
metastatic potential of 100%. The ARCaPy and ARCaPy
cells express the classical markers of EMT [24, 25]. Herein
we present findings that ARCaPy cells undergo MErT when
cocultured within the bone microenvironment in 3D and
ID cultures. Additionally, ARCaPy cells that retained an
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epithelial phenotype exhibited a measurable growth adwvan-
tage and retained ability to form colonies, however only
under coculture conditions with bone stroma. Furthermore,
blocking the ability of ARCaPe or ARCaPu cells from E-
cadherin-mediated cell-cell adhesion or integrin alpha v
beta-associated adhesion significantly affected ARCaP cell
survival within hone stroma and sensitized these cells to
radiation treatment.

2. Methods

21, Cell Cultwre. The human prostate cancer cell lines,
ARCAPg, ARCaPy, the H5-27a bone stromal cells (ATCC,
Manasss, VA) and the Pt-I or Pt-C human prostate stromal
cell. Isolation and characterization of the human prostate
cancer RFP-ARCaP cell lines has been reported [26]. Red
Fluorescent Protein- (RFP-) transfected cells were main-
tained in G418 (330mg/mL) prior to experimentation. All
cell lines were grown in a 5% CO, incubator at 37°C in
media consisting of T-medium (Invitrogen, Carlsbad, CA)
supplemented with 5% (w/v) fetal bovine serum and 1%
Penicillin-Streptomycin.

22 Cocultures. Initial cocultures were performed as previ-
ously described [12, 13] with modifications. Cocultures con-
sisted of 50000 cells/cm® of H5-27a2 bone marrow stromal
cells and 2000 cellsfcm?® prostate cancer cells. Cocultures
were maintained in serum-free T-media and plated on tissue
culture dishes.

23, Clomagenic Assay. Cells were plated at low densities
in six-well plates for 24 hours and then were irradiated
with the appropriate radiation dose. Twenty-four hours
later, the media were changed and cells were incubated
until they formed colonies having at least 50 or mare cells,
Seventeen days later colonies were rinsed with PBS, stained
with methanol/crystal violet dye, and counted. The colony
formation ability was calculated as a ratio of the number of
colonies formed, divided by the total number of cells plated,
times the plating efficiency [{# of colonies formed + total
# cells plated) = plating efficiency]. For experiments with
cocultures, cells were initially incubated on a mat of stromal
cells for 24 hours and radiated; 4 hours later clonogenic
assay was performed. For antibody-based experiments using
anti-E-cadherin (15 pg/mL, DECMA or SHEPS-7, Sigma)
and anti-integrin alpha-v (20ugmL, CNT0%5) antibody,
cancer cells were treated with respective antibodies for
24 hours prior to plating them on a mat of stromal
cells.

24 Radiation. External beam radiation was delivered on
a 600 Varian linear accelerator (Varian Medical Systems,
Inc.Palo Alto, CA) with a & MV photon beam. A 40 40cm
field size was utilized and Petri dishes were placed on 1.5 cm
of superflab bolus. Monitor units (MUs) were calculated
to deliver the dose to a depth of dmax at a dose rate of
600 MU/min.
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2.5, Statistical Amalysis. Representative findings are shown
for all experiments, which were performed in triplicate,
repeated a minimum of three times. Student’s t-test was used
to determine the statistical significance between groups.

3. Results

3.1 ARCaP EMT Model Undergoes a Mesenchymal-to-
Epithelial Reverting Transition (MErT). Recently, the ARCaP
model has been described to closely mimic the patho-
physiology of advanced clinical human prostate cancer bone
metastasis [25]. The ARCaPg cells were derived from single-
cell dilutions of the ARCaP cells. These cells exhibit a
cuboidal-shaped epithelial morphology with high expression
of epithelial markers, such as cytokeratin 18 and E-cadherin.
The lineage-derived ARCaPy cells have a spindle-shaped
mesenchymal morphology and phenotype. ARCaPy cells
have decreased expression of E-cadherin and cytokeratins
I8 and 19 but increased expression of M-cadherin and
vimentin. These cells have decreased cell adhesion and
increased metastatic propensity to bone and adrenal glands
[27]. The morphologic and phenotypic changes observed in
the ARCaPwy cells closely resemble those of cells undergoing
EMT.

Previously, we have demonstrated a Mesenchymal to
Epithelial reverse Transition (MErT) of metastatic prostate
cancer cell lines within an experimental coculture model
and confirmed in patients with liver metastasis [13, 28].
Our findings have recently been confirmed in prostate
cancer bone metastasis where E-cadherin and f-catenin
were robustly expressed in late stage carcinomas [29].
Therefore we songht to identify the significance of the bone
microenvironment within the experimental ARCaP model.
To assess cellular plasticity of the ARCaP EMT model, we
coultured ARCaP cells with H5-27a cells in 30 RWV (rotary
wall vessel) system for 3 days. ARCaPe cells formed larger
prostate organoids than ARCaPy cells (data not shown).
Upon immunohistochemical examination of organoids, we
observed that both ARCaPy and ARCaPy, express E-cadherin
and lack M-cadherin expression (Figure 1(a)). To further
examing the influence of tumor-stroma interactions over a
multiday period we utilized a similar 210 cocultures method.
Utilizing immunaoctyochemical analysis, we observed a lack
E-cadherin and robust M-cadherin staining after 1 day
in both ARCAP; and ARCaPy cocultures. However by
day 4, both ARCaPy and ARCaPy cells formed tumor
nest that express E-cadherin and lack N-cadherin staining
(Figure 1{b)). It is worthy to note that ARCaPyy tumor nest
appeared to develop at much smaller extent, compared to
ARCaPg cocultures.

Since ARCaPy cells formed larger tumor nest and
spheroids when cocultured with H5-27a cells compared to
ARCaPy cells, we sought to further assess if H5-27a cells
preferentially stimulated the growth of ARCaPy cells versus
ARCaPy cells. Utilizing GFP-transfected H5-27a bone mar-
row stromal cells and RFP-transfected ARCaPy or ARCaPy,
cells (Figure 2{a)), we examined the proliferative ability
of ARCaF cells in homotypic and coculture conditions.

Growth of RFP-transfected ARCaPe and ARCaPu cells,
respectively, was quantified by relative fluorescent units
(RFU) of transfected cell lines over a 6-day period in
homaotypic cultures and coculture conditions (Figure 2(a) ).
As previously reported, homotypic cultured ARCaPuy shows
significant growth compared to ARCaPg homoty pic cultures:
however cocultures reversed this trend with ARCaPp cells
demonstrating the most significant growth (Figure 2(b)). We
also confirmed these findings in ARCaPg cells in coculture
using clonogenic assay. Although ARCaPy cells have a
higher plating efficiency than ARCaPp cells, ARCaPy cells
exhibited an 8-fold increase in their ability to form colonies
after coculture compared to 1.35-fold increase of cocultured
ARCaPw cells (Figure 2(c)). Phase-contrast microscopy of
colonies after cocwlture shows that ARCaPyy colonies appear
loosely adherent, while ARCaPy cells are compact and
interact physically with few of the bone stromal fibroblast
(Figure 2(d}). Taken together, these results demonstrate that
ARCaPy cells reexpress E-cadherin when grown with bone
stromal cells for longer periods. Additionally, ARCaPy cells
which have high levels of E-cadherin gain enhanced growth
and self-renewal ability when cocultured with bone stromal
cells.

3.2 Stromal Cells Influence Radiation Treatment in Prostate
Cancer Cells. Mesenchymal cancer cells have been thought to
be more tumorigenic, agpressive, and resistant to treatments
when compared to epithelial cancer cells [30]. A similar
trend was observed in both ARCaPe and ARCaPy cells after
(4 Gy) frradiation treatment. ARCaPy homotypic cancer
cells are more resistant to radiation treatment compared
to ARCaPy homotypic cancer cells (Figure 3(a)). However,
ARCaPy cocultures did not affect the radiation sensitivity
of ARCaPyw cancer cells. The highly sensitive ARCaPy cells
exhibit a significant increased resistance to radiation therapy,
up to 3-fold, as result of their interaction with bone stromal
cells {Figure 3(a), P < .01).

To further assess the role of the prostate stromal cells
on tumor-stromal interactions influencing ARCaF cellular
behavior, we cocultured paired prostate stromal fibroblasts
isolated either from normal (Pt-N) or from cancer-associated
regions (Pt-C) [31]. Again, ARCaPy cells cocultured with
(Pt-IN) or (Pt-C) exhibited a 7-fold and 8-fold increase in
colony formation, respectively (Figure 3(b), P < .01} We
also saw a similar trend in a growth analysis assay (data not
shown). However when measuring clonogenic ability after
radiation treatment, ARCaPy cells cocultured with either
Pt-W or Pt-C had increased radiation resistance, with a 2-
fold difference observed between homotypic cultured cells.
Although a significant increase in conogenic formation
was observed in Pi-C versus Pt-N cocultures (P < .05),
this did not significantly effect the radiation sensitivity of
ARCaPy cells (Figures 3(c)). Taken together, both bone
and prostate stromal cell have a grown inductive effect on
ARCaPy cancer cells and mediate radiation resistance (up to
2-3 fold) in epithelial cancer phenotype, but not in ARCaPm
mesenchymal cancer cells.



Journal of Oncology

3D co-culture

N-cadherin

Ficure 1: 3D cocultures of ARCaP; or ARCaPy, with HS-27a cells show E-cadherin expression. (a) 1 x 107 ARCaP; or ARCaP,, were
cocultured with HS-27a cells in RWV for 3 days. Immunohistochemistry of organoids was stained with anti-E-cadherin or N-cadherin
antibody. (b) 2D Cocultures of HS-27a were preformed utilizing a total of 50,000 cm?/HS-27a fibroblasts, after which 20,000 cm? ARCaPg
or ARCaPy, were seeded on top of the fibroblast monolayer. The cocultures were maintained in serum-free medium for 1 or 4 days.

Immunocytochemistry of cocultures over these time periods

was performed utilizing anti-E-cadherin and N-cadherin antibodies. Shown

are the EMT/MET of ARCaPgcells (top panels) and MErT of ARCaPycells (bottom panels).

3.3. Blocking Adhesive Contact Effects Radiation Sensitivity of
Cocultured ARCaP Cells. The importance of cell adhesion
(ie., cell-cell and cell-ECM adhesion) on the survival of
disseminated cancer cells has been well documented as
a requirement for colonization and survival within the
metastatic microenvironment [32-34]. Therefore we utilized
a well-known E-cadherin blocking antibody (SHEPS-7)

and a pan-integrin antibody (CNT095) that targets human
alpha-v-integrin and also was shown to block prostate tumor
growth within bone [35]. Since ARCaPg cells express high
levels of the epithelial marker E-cadherin, and ARCaP), cells
can be microenvironmentally induced to express E-cadherin,
we tested whether either of these blocking antibodies would
affect the colony forming ability of either ARCaPg or
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Ficure 2 ARCaP: cells show a growth and colony forming capacity advantage in presence of HS-27a cells. (a) and (b) ARCaPy cells were
cocultured in the presence of GFP-HS-27a cells over a 6-day period. Growth of RFP. ARCaPg or ARCaPy human prostate cancer cells was
assessed by RFUs (relative fluorescent units) in the presence cocultures over a 6-day period. Results are means = SE of three independent
experiments. *P < .05 (students {-test) compared to cell number at day 1 + SEM. (c) Clonogenic colony forming capacity of ARCaPg and
ARCaPy prostate cancer cell after coculture + SEM. ARCaPy data were normalized to ARCaPy control, and ARCaP; data were normalized
to ARCaP: control (Note HS-27a induced slightly (1.35x) the growth of ARCaPy cells but markedly (8x) the growth of ARCaPg cells.). (d)
ARCaPz or ARCaPy cells were cocultured with HS-27a cells. Shown are phase contrast images of colonies formed in the clonogenic assay.

ARCaPy; bone stroma-cocultured cells. Pretreatment with E-
cadherin antibody did not affect the colony forming capacity
of either ARCaPg or ARCaPy homotypic cultured cells:
however it significantly reduced the ability of ARCaPy-
(P < .001) and ARCaPg- (P < .01} coultured cells to
form colonies (Figure 4). Additionally, E-cadherin block-
ing antibody pretreatments further increased sensitivity to

radiation treatment of ARCaPy cells in homotypic and
cocultured conditions, similarly (P < .0I). E-cadherin
blocking antibody-pretreated ARCaPy cells showed the most
significant increased sensitivity to radiation treatment in
homotypic compared cocultured conditions (P < .001),
however a significant reduction in colony formation, to
a lesser extent, was observed in ARCaPg cocultured cells
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Froure 3: Cocultured ARCaP; cells gain cell colony forming capadity and radiation resistance when grown with bone and prostate stromal
cells. (a) ARCaPg or ARCaPy, cocultured cells were irradiated 24 hours after coculture with H5-27a cells and cancer cell colony forming
capacity was assayed using clonogenic assay. Resulis are means = SE of three independent experiments. ARCaP,, experimental data are
normalized to ARCaPy control and ARCaPe experimental data are normalized to ARCaPe control {a). ARCaPe cells comlmred with prostate
stromal fibroblasts Pt-C (Cancer associated fibroblasts) or Pt-N {Mormal/benign Abroblasts) were irradiated and compared to nonirradiated
cocultures. Cell colony forming capacity was assayed by clonogenic assay. Data are normalized to ARCaPe control levels. (b) ARCaPy cells
cocultured with Pt-C or Pt-N were irradiated and compared to nonirradiated cocultures (c). Cell colony forming capacity was assayed by

clonogenic assay. Data are normalized to ARCaPy control levels.

(Figure 4, P - .01). Therefore, targeting E-cadherin limited
both epithelial and mesenchymal cells ability to form
colonies after coculture with bone stromal cells.

To determine the influence of intergin alpha v cell adhe-
sion with bone microenvironment, we performed similar
clonogenic formation assay. Pretreatment with CNT0%5 anti-
body significantly decreased the clonogenic ability of both
ARCaPy and ARCaPg cells in homotyic cultures (Figure 5,
P < 001). Additionally, CINT095 significantly decreased
hone stroma-induced radiation resistance in cancer cells in
both ARCaPy (P < .001) and ARCaPg (P < 001} cancer
cells, with the most significant reduction in cocultured
conditions (P <« .001) (Figure 5). Taken together, thess
results sugpest that bone stroma-induaced radiation resistance
is mediated through both E-cadherin and integrin alpha v
beta signaling in epithelial and mesenchymal cells. Thus,

E-cadherin and integrin alpha v beta appear to present novel
targets for metastatic and radiation resistant cells.

4. Discussion

It is well documented in prostate and others cancers that
EMT is associated with initial transformation from encapsu-
lated to invasive carcinomas. The mesenchymal phenotype,
which is required for dissemination, has been suggested to
revert to an epithelial phenotype in distant metastasis [13,
14, 19, 36]. This has been evidenced in the primary tumors
which lack E-cadherin expression and, showing nuclear §-
catenin expression, show strong membrane staining for both
E-cadherin and §-catenin in metastatic liver [13] or bone
microenvironment [28, 29]. We have previously shown, in
commaonly utilized prostate cancer cells lines DU-145 and
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Froure 5: Effect of Anti-alpha v integrin { CNT095) on tumor-stroma interactions. ARCaPy, and ARCaPy, cells were pretreated with CNTIG5
antibody was cocultured with H5-27a stromal cells for 24 hours, and radiated with 4 Gy. Cell colony forming capacity was assayed using
clonogenic assay. ARCaP,, data are normalized to ARCaPy, control levels, and ARCaPy data are normalized to ARCaP; control levels.

PC-3, that reexpression of E-cadherin and reversion of the
mesenchymal phenotype is a rate limiting for metastatic
segding of primary rat hepatocytes [13]. Since bone metasta-
sis is most prevalent in prostate cancers, we sought to extent
these finding utilizing the ARCaP model, which is the first
prostate cancer EMT model demonstrating histomorpho-
logical features and classical markers in a lineage-derived

series of cells, to determine the functional relationship
of this cellular transition. Whether this is accomplished
through exposure to soluble growth factors or the bone
microenvironment, the end result decreased differentiation
with increased metastatic potential [25, 17, 37].

Our initial results show that ARCaPyy cells maintained in
3D Rotary Wall Vessel (RWW) or 2D cocultures underwent



MEIT when cocultured with H5-27a bone stromal cells,
as shown through expression of E-cadherin and of N-
cadherin expression (Figures l{a) and I{b)). Moreover
ARCaPg cells show a significant enhancement in colony
formation (8=} and significant growth pattern comparable
to ARCaPy (1.35x) cocultures (Figures 2{b) and 2{c)). A
recent report has shown through RFP cell tracking that
selected ARCaPy clones after sn wive inoculation into the
hone microenvironment gives rise to both ARCaPp and
ARCaPy populations [37]. These findings coupled with
our observed reversion of ARCaPy cells to ARCAPp like
cells suggest that tumor-stromal-induced cellular plasticity
gives rise to distinct populations of cancer cells within
hone microenvironment, the mesenchymal phenotype and
its kinetic characteristics {motility/invasive), and the epithe-
lial characteristics necessary for secondary tumor develop-
ment. The fact that the ARCaPy cells have an increase
propensity for metastasis compared to ARCaPp cells suggest
that dissemination from the primary tumor mass requires
the mesenchymal phenotype. However a mesenchymal to
epithelial transition is associated with initial metastatic
seeding and subsequent formation of a cohesive tumor
mass within the bone microenvironment. This hypothesis
is supported in a bladder cancer model, where lineage-
derived series of EMT-transformed mesenchymal-like cells
exhibit increased lung metastasis in vivos however secondary
tumor formation is predominanty enhanced by the pres-
ence of epithelial cells compared to mesenchymal cells
[38].

Since epithelial reversion enhances the growth of tumaor
cells in bone microenvironment, and this is observed in
multiple experimental models and clinical metastases, there
is a question of whether this transition is required for
metastatic seeding and therefore an avenue for therapeutic
intervention(s). To gain insight into the importance of
this reversion, we utilized ionizing radiation on ARCaPe
and ARCaPw homotypic and cocultured cells. Our results
show that ARCaPy homotypic cultures when compared
to ARCaPy homotypic cultures are more sensitive to
radiation treatment (Figure 3(a)). However in the presence
of bone or prostate stromal cells, ARCaPy cells gained
increased radiation resistance, with increased proliferative
and colony forming capacity (Figures 2(b) and 2(c}). This
phenomenon was not observed in the ARCaPw cocultures.
To determine the underlining causes of this observation, we
hypothesized that cell-cell interactions through E-cadherin
or cell-ECM interactions through integrins may mediate the
stromal induced proliferative effect and radiation resistance
in ARCaPy cancer cells. Using E-cadherin neutralizing
antibody (SHEPS-T) and pan-anti-integrin alpha v antibody
(CMT095), we were able to significantly block the stromal
induced colomy forming ability on ARCaPp cancer cells
(Figures 4 and 5). Additionally, both antibodies significantly
blocked the radiation resistance of ARCaPg in cocultured
conditions (Figures 4 and 5). The E-cadherin neutralizing
antibody also had an effect on homotypic ARCaPy-radiated
cells and ARCaPyy cells within cocultures (Figure 4). Thus
it appears that blocking bone stroma-induced reexpres-
sion of E-cadherin in ARCaPy in the presence of bone
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stromal cells reduced the colomy forming capacity of these
cells (Figure 4). The decreased radiation sensitivity of E-
cadherin expressing cells compared to cells lacking E-
cadherin expression has recently been demonstrated in a
cocultured model of MCF-7 (E-cad positive) and MDA-
MB-231 (E-cad negative) cells with normal and radiation-
induced senescent fibroblast [39], where radiation in MCE-
7 cells showed enhanced resistance to radiation treatment
compared to MDA-MB-231 cells. These findings are consent
with our model of a reepithelization requirement within
tumor microenvironment.

CNT095 antibody was toxic to both ARCaPy and
ARCaPy homotypic and cocultured cells. Additionally
CNT0?5 increased radiation sensitivity, even to a greater
extent than E-cadherin neutralizing antibody treatment
(Figure 3). These findings are consistent with our results
of CTWNO95 treatment that causes a significantly reduced
number of tumaors generated by C4-2B cells, along with a
concomitant increase of cortical bone in mice (unpublished
data). Although C4-2B cells have not been observed to
undergo EMT, this would suggest that targeting the cell-ECM
in vitro and in vive could be imiting the cell cohesiveness
necessary for metastatic tumor formation.

Targeting of cell adhesion as a therapeutic approach
has been proposed previously. E-cadherin neutralizing anti-
body (SHEPS-7) has been shown to sensitize multicellular
spheroids to microtubule binding therapies in the taxane
family in HT2% human colorectal adenocarcinoma cells [23].
A more recent observation is that survival of androgen
receptor-expressing differentiated prostate cells is dependent
on E-cadherin and PISE, but not on androgen, AR, or MAPK
[40]. Given the predominate role for PI3E in cell survival and
reports that PI3K is rapidly recruited to cell membrang to
stabilize E-cadherin junctions [40] and that PI3K activation
raquires integrin alpha v activity [41] sugpests that PI3K
is possibly responsible for the increased growth and colony
formation gained within the tumor microenvironment.
Thus in the absence of stimulating growth factors, it is
possible that E-cadherin/PI3K or integrin alpha wFPI3K is
involved in a signaling cascade that is initiated by the
tumor microenvironment, at least during initial metastatic
saeding.

In conclusion, our data demonstrate that the E-cadherin
and integrin alpha nctional adhesive interaction is a possible
adjuvant therapy avenue for patients treated with radiation.
Although an in-depth inm wive exploration of targeting
epithelial-like wersus mesenchymal-like cells is necessary
to translate these findings to the clinical situation, our
results indeed raise critical questions as to how we view
prostate cancer metastasis and subsequently target metastatic
tumor cells for therapy. Additionally, we have generated an
in vitre model, that closely mimics the dinical situation,
to delineate im a stepwise manner the dynamic tumor-
host interaction(s) that promote cellular plasticity in the
later stages of metastasis. The identification of further key
maolecules driving MErT in this system holds promise for
the development of preventative and therapeutic strategies
to minimize metastatic disease.
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cell roigration and invasion ewen in the preseoce of
ESF. Further, ¥KaiEo divactly binds o the Ecadherin
prornoter, and inhibition of Kaiso in B3 cells resabs
in ircreased Ecadherin axpression, as well a5 reas
tablishonent of cell-cell contacts, In addidon, Kaiso
deplatad c2lls show move spithelial morphology znd
areversal of the rressnchirnel srackers Hoadherin
amnd fitworectn, O findings 2stablish a defined oo
coganic 1ok of Faioo in provnuctng the progression of
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Prostate cancar. e FEsthod 08 5 D6 Fes-Ted G mipery”
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Prosate cancer is e rost cormrmonly diagnosed malic
rancy inmen, withAfican Ameican rmen espenencirg a
rate 50 Righer than white patients. At the tire of diag
nosis, approgineely B0 of men Feve clinically ad
varpad dsease.! Themolecuar mecherisme associated
with trnor dewsloprrent are e readt of genedc arnd
epigeneic changes that prormoe turnor call growdh, DA
rmetation, the rmost common epigenedc charge re
sdE from changes in cvtosine metwlaion, tpicdly at
cyipsine-guEnire dnucleoides (Cpdd), o fom changes
in DhA-associated protdrs. Recerdy, it was proposed
that rmethdadion alone is ircuficient © silence rEnecnp-
fior® and et recogriion of metpated DA By o
classes of proteine, thoee wib a metwl-CpG Binding
dorrainard Hose with S2HE @in fingers, such as Kaiso,
are required for rarecipional iectivation. Wetd-Cpo
birding proeins recogrine Sretweyiosine and act as
intemnedates bewween te trereciptioral rmachineny ard
rmetated DMA, O te metted-binding proeines, Raiso
has a 10-fold higher afinity and represses farsoipionin
partby recniting e M-CoR corepressor ®

Kaizo, first idertiied as 3 p120 caenin (cnkbinding
proein® is a merber of e broad conples, @mmick,
bric-a-bractos vings, and Tin: firger superfanily. Soic-
trly, Kaiso con@irs 3 carbowd-tamniral region wit

Iupported by e Depatment of Detdws Frostabe Canosr Resarch
Frosgrn (FCOTESTT b C10), e MHFseanch Corba s br Minonty e
sardh (ROKI {G1Z RROOSSE1A bo S, 3 pikt project o B MH)
Matioral Cancer Iretibbe (LE4 Tl 115523 ba 0 v, Tvd 3N aberars Al s
[MA] W Anrd
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Supplemertdl maberdl for B whok o be fourd = AEpulah.
angbatiend o or B (DY, o org L A, i, ST R O,

Addvess reprink requests bo Clagbon abes , Ph Dy, Dopartrnent of Eicl-
gy Wl Conba b Do Fes oa ch, Toskeqee Univarsity, Canver Fie-
o ch Fourdation, Ficsom 22, Tsheges, AL 56065 E4nad: cpabes Snnybl
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tre= mine finger rmodts of e Z2HZ wpe and recogrizes
clusers of metwated CpG drnoclecides as wall as s
ouencespecific Kazo bindng sies? Severl lines of
eidance Tom boh dnvito and invivo models aaggest 3
rirnber of hanor suppressor gaes, fregoendy slenced
b hpemnetwlaion, soch as HICT, WS, E-cadbenn
LCONT ), ard ratrilysEn (O ) have been linked 1o Kaiso
rarccipioral regdaion ®F A clinical role fo Kaizoalso
has be=en proposed. Irnmundhisiochemical aralvsis in
vanoE issue ypes shows et Kaiso is apressed in
both e cvicplasmic andior muclear cormparnenits.
Shodies inlung cancer show that KaEso espression cor-
redzeswit clinicopathoogic charmcerstics of rmaligrant
s, However, inctiorel sodies using Baiso aribody
or e shiRhA- depledon stategy readted in ertanced
proiferation and imasiveness " Suprisingly, an opposite
role fo Kaiso was implicaed in colorectal sodes, in
which dowreregdaion of Kaiso espressHon resded in
decreased proliferation ard an overall aritunor effect®
Becaize Kako expression has bean deemined inmmd-
iple rnor types, addioral sudies are Eyured © pro-
ide a detailed description of Faiso expression and fune-
ion in indvidoel epithdial tomors.

Gt factos suchas epidemral growth facior (ESF )
have besrwel esablished 1© promote call rmodity, irea-
sion, and meksksi in mdiple onors. This promces
geneic and epigensdc changes that lead © 3 dowrr
regdzion of Exzadhenin, via recepior tymsire kirase sig-
ralirg, andior promoer bypemethation. A= 3 resdt,
epittedial cells undergo an epitEial-o-resenchrnal
Trarcition, in which cals are drected 1o asaame 3 less-
difiererdated phenotyps with f2 acodired ability for e
fasiasis. Previosly, we shiowed that E-cadbenin can be
re-sapressed Hroogh dinect phammacdlogic abrogetion
of EGF recepior (B3FR) sigraling™ or within he meta-
st hurnor microerinonment,® resding inless invasive
arnd rmone cobesive calls. However, whether Baiso Hes 3
incioral roleand specific iredvernent in B3F Frassoci-
zed spitdial-o-mesenchvrnal rarstion has not been
eaplaed. Hersin, we show fat Baisois highly espresssd
in prirary prostate tonors and Ivrmph node efashses,
with significant ircreases for Afican Amenicans com-
pared witwhie paters in figh-gade unors. Forber-
rnore, 3 cyioplasrnic-toruclear shiftoscurs inomors and
tiz comedaes wit increasing umor grade and deason
scone, We furber idenified fat B5F indoces muclear
locaizaion of Kaiso, which subsstuenty is assoziaed
with an increase in el rmigration ard irvesion ard ap-
pression of wnor sappressor BEcadbein espression,
These read show et Kaso oncions in an orcogenic
ranmer, inwhich abemant lozdizaton in e nudeus s
exzatial for pros e calls toacoune the abilty ©metas-
msize.

fidatafals and Adathoos

Call Cuftuna, Anfibodbas, and Raagants

Hurran prostate cancer el limes LWCaP, U445, and
FiZ-23 ware obtained fom e ATCC and rodinsy wers
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cutred in Dubesco's modiied Eagle's medum spple-
rmerked with 10% Btal bovine senomn (Gibeo, Paidey,
Scaard) and amibicdcs in a homidied amospbae of
L3 20 im air. nohese condiions e duplication penod
of e cdls is 35 hors.

CU-145 BEFRovereapressing odls [wild twpe (WT)
CLHAE] were genemed by mreecing DU-145 cdls
wit retroviral-comaining EGFR constnets.” Prirnary are
tibodes were cbiained as llows: Kaizo 6F clone (A
carn, Boston, A and- Baiso clore &F (Upsiae Bioech
rodogy, Bllefca, hila); ard-Raiso 12H (Sarta Onae, CA)
pilddcm, Ecadrenin, and M-cadhenn (BLD Bicscences,
2R hilouss secondany antibodies, Aesa 452, B0, and
525, were obtained from Invitogen (OF). Homan B3F
was cbigired fom BD Bicsciences (KY). The BGFRspe-
cific tyrosine kirese inhibitor, P CA 53035, was puchased
from CalBiochern (Z2A), Ciber reagens were obitmined
from Sigria- Aldnich (St Lois, k2,

trwrchistochanistine

The prostate cancer 45508 microarays were cbitained
fromn S Biornaa (Rockville, WD) or from the Aretorical
Fatloge Division at e University of Alabama at Bir-
rnirgham. The e of issue was approved by e nei-
tioral Review Board of boh Tuskeges University and
the University of Alabarma 3t Bimningban . Inmronchiso-
chermisTy was peromed usirg the ani- kaiso clone &F
IUp=stae Bioechnology) and 12H clone (Santm Cnax)
as previolsly described. Doplicate microamays were
shined for evaluzion by immunchistochemistry.® Brisdy,
cdls were Hindy scored by wo patologists with similar
resuts. Indvid el speciners were scored separately or
rermbranous, oyioplasmic, and noclear swining o
Faizo and classified with respect © e inersity of ine
rircetaining, with the percenitzage of calls determined at
each stairirg imersty fron 0o +4.7 To pamnit romenic
aralysis, = proporion of calls 3t eachirtersity can be
rmufiplied by fatirtasity. Sweistical aralyses wers per-
forrred sing the Pearson 3= test to arelvze te rdaione
ships between cytoplasmiic and moclear espression of
Faizo ard cinicopatologc factors.

frrwrrobioting

Cels wens grown to 805 comdusncy in siEwel plaes.
Lysmies were prepared from cuted cels ina soluion
corfEining 50 oL Tris, pH 7.5 120 malfL MaiCl;
053 homidet p-At 40 penclil pherdrathusuiond 0
oride; B0 pgfml leupepting and B0 pginl aprotinin (all
from Sigra-Aldnch). CElls wene allowed tolves or 1 boor
onice. Thelysed cdls were cenniiaged, and e readiing
sUpETEREME wens exiraced and gRnitEed byioseofa
Bradford assay. Lysses (30 pg of proeing were seqa-
rated b 2% S05 PAGE, immundoloted, ard arnalyeed
by chemilomirescence (Amersbam Bicsdences, ).
Dereitomeiny was peromeed using MIH Irmage sofware
verzion 145 (Betesda, D).
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irrrsmoikoft g of Subcalutar Frackions

SbcAldar fracionaion of cells was perfomned as pre
oy described " Cyipsaic ard ruclear fracions, and
tie DI A5, DUHAE WT, and PC-2 calls weae nesgs-
pended in & bpoionic buffer [0 oL Tris (pH 7.5),
1.5 rarncdL hdgiZle, 40 morncdfL B2, A rorcdfL ditHiotbnes-
o, pepstain, leupeptin] and Formogenized wEng a glass
dourcer. The cdls wae cenriiaged a1 13000 x gand
tie supematnt was collected (cvioedic acion). The
riuzlg werares eperdedin g highesalt bofier [20 roonolfL
HEFES (pH7? .4}, 25% gycerd, g, 1. 2malf/L KO, 0.2
rorndfL EDTA, 02 rarncliL phersdrnety o] fuonde,
1 rrnolfL ditHiothreitl] and roated at £12. Lysaes then
were saparaed by 758 SDEPAGE, irnmuncbioted, and
aralmed by chemilomirescerce (Amerstern Biosci-
EES ).

i cfiuova acanca i ro soopw

Callz (2 w107 were grown 1o 20% corduerey anglass
cowerslips. Calls ten were fiaed wit metand alone or
4% parefomialdebwde, parneabilied with 100 ool /L
Tri=-HZl pH 740, 180 ool M), A0 oL B3TA,
1% Triton X-A00, 1 rornolfL pharwirnethed s fored doonde,
and B0 podnl sprodninddall from Sigma-Aldichland a0b-
e ertly Hocked wit 8% bovine senom albumin or
oo =it oo bernpesra tone, lderical resdts wers obiaired
with bioh metods . Samples wene incibaed wit indi-
cated prrrany ardbodies dilued inblocking bofier at 442
csTight. Fluonescein isothiceyarae- conjugaed sec-
ondany arfibody (BL Bioscienses jwas added . Cels then
were treaied with DvP | or nuclear swining and aralyoed
witha disk scanming unitcorfosal rricnoesopes (C1nps,
Fitsborgh, PA) To determine e rdaiveintersites, the
izl ares of cyoplasmic ard noclsar egiors of each
irmagewas mexsuned 35 wall 3z the tneshiold irersity for
each charme wEng etarmoph Irnaging Sofvers ver-
sion .5 iidlecdar Devices, Ir;, Sunmeale, CA), Differ-
enzes betwesnirersiies then wene detemnined by Eoced
thicroscft, Fedmond, WA). Bar gaphe representn = 3
images sectioed andindvidaelly arelvoed for ol ansa.
Al g rrtiatee d3te were nomialized toappropiate core
ol irages.

Cusnditatie BT-F0H

FilA was esraced fom prosete cancer calls wEing
TREdD {rwirogan). cDMA was prepared wsing Super
zept 1 ArstSiand o DA, Synthesiz kit Cmvirogen)and
detected by Raiscespecific Taclan {(Irsmogen). The
hioEsdesning gere Fypoantine-guenine phosphonboe
ansferase (HRFTH; Applied Biceysterns, Cadsbad,
A was eed 35 an endogenos corinol for =l RA
smples. Rl arelyees were peromned in mplicate, and
od chamge was calodated usng he A4CH value
rrethiod .

Shid ddadamnanoa

To gererate swble short beirpin RMA (shRRAY Haizo
cedls, the HUSH Z8rmer for Faizo wes provided in he
pRP-C-RS pasmid driven bw e UERRA promoter.
Plazrnid [ pRFP-C-RS, cortaining  puronmein-resis-
Ertgene, expressing Faiso-speciic shRMA, and scran
bled shiRMA were fareicted imo DU 45 or FC-3 cals
=irg Lpoiesmrnine 2000 {Iritrogen). The medum was
rephlced by Trnediumcontminyg 2 pgdnl puronmecinon
sedection ofamtbicdc-resiswnt colonies over 3 peniod of 3
wediz, The pumomycireresisant cdlls wens frber ==
leted by seof red fluorescence profein 3= a marker o
ernich for calls expressng shRMA. s Kaiso cels were
plzed 3t clord dereites, and more tan 20 clonss wens
chosen © detamine the degres of krockdown Clones
with e lowest Kaizo lewds were rewined for furber
aralysis.

Cal igiration

Mligra onof el = was assessed by heir ability © rowe
irto an aceldar area; this was accomplished with a
tao-dmersioral wouond-bealing assay, as previoas v
described. ' Wit callz 3t 70% 1o 20 corfluence, 3
deruded area was generated in the midde of each
wel with a ribber poicerran. The calls then wens ea-
posed to B3F (0 or 10 ngtnl) ard incubated for 24
bioars in dialyzed media, The rae of migaton was
deterrrined and g nified in Metrmoph Iraging Sof-
ware. Al mezarements were nommalized o wloes for
coninol s,

IR sion sy

CHlirvasiveress was detemined by hecapacity of cells
torigrae aoross 3 laver of eddmcedludar maia, rerige,
ina Boeden charnber. Brisdy, 20,000 cdls were plaed in
the matige-contEining chamber in zenr-es mediorn
corairing 1% bovine senom alburin for 24 bors; this
thenwas replaced with 3 senrfres mediom or an ad
diforal 24 bors, The nober of cdls fat imeded
throagh e rais over 3 48 bour-peniod was detamnired
by couming cells tat seined wih crystal videt on be
biztiorn of the dler. Al espeiments wene parfomed in
riplicate.

Chaorrstl rrehonvacinodation Aszov

Chmrain immuroprecipition epsennnents wens per-
formred with the se of te ChiIP- [T Bt Acive hioif, Carls-
bad, CAL Inbrsf PC3 edls were fined in 1% fomalde
Feyde =t room Ermpemiure for 10 minoes; e ioaion
rezcion was stopped by »dding 3 110 wilurne of 103
glycine © e wbe at room Eermperaiune o 5 ominges.
The el palles wene res sperded and incubated o 20
rirutes inicecold IyEis bofer with pharwlnettedaal fored
flucide ard protdrase nhibilor cocktail, The noclear
pedlets were resspended in shearing boffer, and chro-
rmain was sheared toan average Are of 200 © 1 200 bp
bew somicaion 2t 25% power or 10 pulses of 20 secords
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each, witha Asecond restonice between eachpu=s.
Chromatin 0 pl) was swed for inpot DA corinol
Sheared chromain was incubated inchromatinirmono-
precipitaion bufer with 25 pl of protein & magoetc
beads arnd amd-Kaizo aribody (Abcam), modse RA
Polyrmerass |l (Active hictif), and mbbit 105 aribody
LAciwe hiotif) 35 3 negaive conindl on = rolling shaker at
4% for 4 hours. The innmanoprecipitaed chromain was
puriied from the chrormatineamtibody mizhoe by ssveral
vashrg seps, and te chromairinmonopresipitzed
ChlA was eured in S0l of euiion buffer AMZ (Active
fidif). Cross-links were reversed by adding 50 plL of
reverse cross-lirk buffer. After remnowing proeirs by
digesionwih proeinase K, te poided DAwa s 0=ed
as temnplates for PCRaralvss. Theprimers weed were
desigred 0 amplify 3 4224bp metwlated Fagment
of the Ecadbenn proroter (—1463 to —15235: &'-
AEGARGCTEATAGAGEAGAAZC-3 and B-GATTE A
CAACCATOCT GECTA M-S

Statistic s AnalEs

For all esperirments, stEisics were parfomned wit li-
croeoft Eacel o Prismn sofwane version 5.0 (GraphPad,
La Jddl=, CA) Anindependent Sudent’s & estwas used
o deEmiine statisical differences babwesn sxperinmenial
arnd corrdl values, edan seones were obained from a
abzet of paients o sEistically evaloete Faiso eipres-
sion. Tesue comdaions were pafomned wih hladab
Chdwecrs, 10, Madch, Wil), 2 owloes <005 wens cone
sidersd saistically signidcant.

F I-u'\dl'Hg;hg;rvd-dimdl:,mphn-n—duthnf*ba-HdunFamlr\bﬁHmdﬂu-ﬂcprmaF]{nM

Rasrits

Faizo Exprazsion and Subcaluta Localization

To evmlee te sipression and localization of Kaizo dor-
ing prostate cancer progressian, irnmmunohishoshenisry
wasueed o evalee samples Tom 172 patients, corsist
irg of momnal issue (9 patients ), benign prosBtic by per
plazia (14 paients), admpeent nomial izsoe (17 patients ),
prirary wnors (142 paients), and meesases (4 pa-
tieriz). Therewas low expression of the Faizo proeinin
lorniral cells of noncancenogs samples (Figure 1 A); -
pression was predormirardy in e mermbane o oy
plazm (Figare 1, B ard ). There was, however, noclear
eipressionof Kaizoin e basal calls of adpeent nomial
tizsie (Figure 1B). Sooning for nclear Kaiso stining
irtersiies 0o d (as rmertioned in et and idgthods)
between nommal, kow Gleason, and high Gleason ans
surnmanized in Table q.

In corirast © prevolls reports, Faiso espression was
cbhzerwed within e nocleas, witoweak 1o moderate e

Table 1. Moackar ¥apo Expreeion in Noomal, Iow Glenson,
Hizh Gleason, and Ipmph Mode Hmsges Fooskbe

[m="0 a1 T FE
Low Hiah
Momne Skeasn GlREsn
Kaiso m=28" (D=5 (=50 Mz

Mo score () 9
Weak (0-1) [ 12 4
icder e (2-2) Fa e in
Lfrorg (2-d) 6 o i

“ddjesert .
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Table 3. Correbbinn of Fapn Adbcelbibe Tocalivation sekh Clings | Feahares

CooplasTHc Kaiso Mudew Kaio
eyTezion eapression
Char st eristics ol petients o0 SR grredmrg =052 P a0 froediar =S P
Tt 1 70 72 7= 2]
Bge
2350 5 {rrediar T 27 dd a7 = o 051 &
=E0E T L] 2o ] 3
Erade
= ] 29 21 01056 &7 12 =00
=2 2] 24 il 12 &5
EeFzan s5re
= 52 20 a2 05zad & &2 =00
=7 &0 17 a2 10 i
Py, gL 15 4 11 01827 2 12 oEs
=17, riedian 15 5 10 g 7
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witheolk irel indomntion, MediRn £ oI e wWere dhRired for ech FLbret

pression inturmors wit low Gleaso scores (Figane 1 [,
ard Sirong inerse espresson in unoes with high Glea-
=on =cores and in mefasases (Figare 1, Eard F). To
detamnine te clirical sigriicance of aabedldar lozaliza-
ion of Kaiso expression, we paromied »° aralvsbs. e
dian values of soonng inersities wee used 1o ssparate
e low and high tomor gades and Gleason scores,
hozlear expression of Kaizo was fourd 1o comeate sg-
rifcardy with urnor grade of =2 (P = 000 ) ard Gles-
son score of =7 00 = 0.0 ) (Table 2). Cwhoplasmic
eapEcson was obeened in tonor sarnples; hoseser,
comdatiors wit clinicopzthooge feaurss were not
ford 1o be sigrificant. Ircreased noclear expression
cocumed inoa sagespeciic ranner, with the langest
differerial expression betwesn meksteic wnors and
riomnal samples; hioweser, differences betwesn prirmany
wrnirs and rommal sarmples wene signidcant as well (Fig-
e 24 Furber charmcerzaion of roclear Kaiso edpres-
sioninhighgrade umnors of Sirilar-age Affican Arenican
rmen (o = 2= and whie (n = 18)prirmany Wnors showed
tat Affican Amercan paients espresssd highsr mean
values of Haizo (2 = 0000 ) indeperdent of grads and
ag= (Agure 2B). Furber Kakso noclear edpression signif-
icardy comeaed wih moee (0 = 000E2) (5o Supple
rrrial Table 51 at kepeiainamjpatholong).
Todaemrine wheter fere iz a shiftin Kaizo losaliza-
Hon in prostae umors, matched nomnal and oo s=m-
ples were evalimed (o = 13) Cyioplasmic expression
vas decreased sigrifcanty in paired prirrarny amors
cornpared with narmnal sarples (2 = 0000 ) (Figane 22,
hictsever, tere ware sigrificart increasss in rclear ex-
pression witin e sarme paients (0 = 000H ) (Figure
200, Thi= aralysizs agppors e idea tat tersis 3 pro-
gressive erfencernert of abromnal Faiso expression
duning prosta e cancer progression and thatthe etent of
abromral expression comedates with progression.

Expraszsion and Subcalular Localizalion of Kalzo

i Froshate Cancar Calf Linas

Bz ize themre have besnnoneponts of Baizo expression
inprostae cancer cal lines, its expression and lozaliza-

fion were evaleted in LMZaP, D45, and PC-3 cdls,
ardina D45 ablire DL ABNT Hhatwas gaetcally
engineened o overespress B3FF. DU-145 'WT calls es
cape BEEFR dowreregdzdon and show erfanced ira-
siverness o vino™ and in vivo. ¥ Qmniive RT-PCR
shizwed tat Kaiso levels wereinzreassd attte mBhAiIn
CIHASWT ard PC-3 ceds comnmpared with LMCaP and
L A5 cells (zee Sopplemental Figare 514 at gy
aframjrathod orgl. Confocd inrmges show tat Kaiso is
lozaed in bodh the cvbgplasmnic and nuclear commpart
rmerks in all cel limes. However, the more aggressive
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DU-A4EWT znd PC-2 cddls showed increassd presence
of moclear expression compared wit LNCeP and DU-
145 calls (see Supplernentl Figore SR at Rpeian
Frnpathol. o), which was werfied ater guanification of
{uorescent inersity in each conparmment (=2 Sopples
rrerial Figane 512 at kepaifajanicathol ong). The influ
ence of BiFR espresson on Kaizo localimion was
shiown iarber by e et tet abodldar facions of
CU-145 'WT cals show increased roclear espression,
whiereas [ A5 cels show low amounis of noclear ley-
ez, which comdated with te coniocal innages (s== Sup-
plermertal Figure 51 0 at hipedsio snpathal.org), Ths, it
appaars Tatthe sboedldar localizmmion of Kaisois asso-
cized with EGFR expression.

Achvation of B3FR Signaing Rasults b
horaasad Falao Expvasaion and Miclaar
Localization

Vanods limes of avidernce suggest he irwolvernent of
E3FFR sigraling inprostte cancer, ™1 Toiderdfy EGFR

as an upsinean regdator of Baiso, 10 ngfmbl BGF, =
coresrirzion showing e rmost sigrificant ©d ircrease
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(data mot shown), was ueed ina tire-dapendent assay
over 24 Foors. DUHAE, DU AE WT, and PC-2 lines
shosed ircrernental incresses in Faisoespression at e
RiblAleved; DILHASWT calls showmed the greatest increase
ifoirfold) as ezrly 35 1 hor ater BEF stindation (Figare
SA) ncreases in BEso sspresson alsowens obeenved 3t
the protein lewed, as detamined by irmronoblos, with
sigrifcant imcreases obeerwad as early as 6 houors and
sustgired over 24 hoors of exposure o B (Figane 3B

Bacauss we cbeaved tatincreases in Kaiso expres-
sionare assotiated with s aabcalldar localimtion petem
in o paiert cohort, we furber detemnined if B3FF-
indiced incraases in Kaiso expression coincided wih a
subcdldar localizaton in oo call cdire mode. Afer
orly 0.5 bours, B3F cateed pefinoclear acoomuaion of
presiooEy dspersed Baiso in DU-145 calls, with vzible
riozlear acourmdaion at] boor, Afer 24 hoors, significant
ircreases in both cvtoplasmnic and noclssr eeapression
wee cbeerved, althoogh noclear sipression was e
rrcstsigrificant (Figone 3, C ard D). DLHAEWT ard PC-3
cels, which erdogenol =y express high lewsls ofroclear
kaiso, showed sirndar rends as DU-145 cals, Boby oy
toplzsmnic and moclesr Faiso espression increassd on
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eapcEune 1o B3R, howewer, mioclear expression remained
sigrificardy higher throogho He espoare e penods
(zee Sipplernentl Figoe 520 A and B, 3t Mg
anpathol. og). To mone cleary defire the role of BGFR
acivation on increases in Kako expression and loca-
limmtion, we wsed an BEGFRspecific kirmse irhibior,
FLA 52025 (500 mencdiL), in e presence or abssree of
E3F. P CA E202E sigrificardy reduced mBRA Kaiso -
pression kewels even ather BGF pretreatrent (Figure 2E).
After abealldar factioetion and aabescent irmmmions-
bt ottt DU 45 WT arnd Po-2eadls, we also cbeerwed
tat P O B202E sigridcanty neduced sipression of Kaiso
in e eyioplasmic and nuclesr conparments (Figane 3F;
=2 also Supplernentd Figane 5205 at gt s athiod
o), which is a reversal of the edpresson patem ob-
serwed in erdogenously expressing and ESFremed
L1445 'WT and PC-3 edlls. Thas, BGFR Sgreling posi-
iwey affect Maso espreston and sdbceldar locali-
ation.

Frorcdion by Falso of BRRR-Inducad Prosiata
Cancar Call igeation and bvasion

To furber define the function of Kaiso inprostze care
cer cdls, DU-145 and PC-3 cells were siably rans-
duced with 2 plasmid wecior containing the sh-Kaiso
sllencing sequence(Figure 44). Boh sh-HKaiso DL 45
ard s Baizo PC-3 clones showed ddlayed migration,
evanin e presence of EGF simuation, as measuned
by woind-bealing as= s (Figre 4, Band S, These
resuts show et Raiso is 3 mediator of EGFRindused
riigration of prostae cancer cdls, For cancer cgdls 1o
irvade sumoundng tisaoe, e cdls st degrade the
urderdying basement merbane. To detamire the
urcion of Kaiso iniresion by prostate cancer cals,
shr Kaizo PC-2 and sheDU-A45 were sseded onto @
iler coated with eige and compared with cells
eaposed o be vestor orly. Suppression of endoge-
nots Maiso expression resdted inirhi biton of el ir
wasion, resding ina reductionin the abilitey of the cells
1o irvade through latrige (Figure 400,

Beprassion of E-Cadhadn by Fadso i Prostala
Cancar Calls

N vaniols cancer wpes, ircreased Gl migraion and
irmmszion Fes been atrbued o growth fBetor-indoced
loss of BEcadbeann or o hypemnatedation of e Bead-
herin promoier. ™ '% Bacauss Kaiso bas High afinity for
rettylaed droclecide senoences and is regdaed by
E3F R (Figane 24), we nest sooght o deemnine whether
appression of Kaizo restored E-cadbenin expressian in
shrBaizo PC-3 cdls, Condrol PO-3 cdls and wesior-only
cels showed nio E-cadbein espression, as prasicoasy
repored ™ shr Kaso PO-3 calls, howewer, show dighicld
imrEmsed edpresson of Ecadbenn mRblA, a5 measred
by pertiwive RT-FCR, Futhemnone, e levd of neaa-
preszion was cormparable with tatof -3 edls eapossd
o the demetwlaing agent Eam-2'-deoweytidine (Fig-
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e 5A). Therevwas alsoan ircrease in goiteial rarkers
Ecadhenin and pl 20cin espression, and 3 decreasze in
rmesa:byrmal rmarkers Ml-cadbenn ard dbrorestin -
pression atte proein lews, a5 detemnined by irmrmono-
blots (Figure BB). To deemine whether Baizo dirsciy
birds to E-cadhenin, we periomned 3 chromatinimmrmono-
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precpition assy. Immunoprecipitaed DA was inew
bated with ani- Kaiszo antibody, and- Kbl pod || positive
cordrol), or IgiE arfibody fregadve comind), and S0
jEcted o PCR wit speciic primers desigred 1o annplife
e Kaizo (miZamioE) binding sies in te Ecadbenn
prornoiEr region, Our resuts showed Hat be Maiso anid-
biody (rot megetive corol 195 antbody) eriched 2
rmiCGEmCiE fragrent within the E-cadbenin promoier (Fig
e 52 These esulE show thet Kaiso canbind dinecty
o rettdaed regorns inthe BEcadbenn prorncter inPo-2
cell=.

Itiz well recogrized tat rembrane expression of B
cadhenin regdates call polarty and ircreases call-cdl
cobesiveness, lirniting e migraiore abiliy of oo
cdlz. "™ Theretore, we pafomed immunoluorescerce
for Ecadhenn and pl20cinin sk Baizo PC-2 cdls o
pared with wector only sheSer PC-2 cdls. shBaiso cals
showed E-cadbenn at call-cal coracts as wall as ine
creased plalctn, which is rae limiing ©r Ecadhenn
stability, ™! at e cdldar merbrane (Figare S0 Fur-
themnore, sheKaiso PC-3 c=ls alzo showed moe of an
epiteial rmorpbiology compared wih b2 meserchyrmal
rmophodogy shown By sheSor PC-3 edls (Figure S35
Collectively, tese readts augogest tat EaFFregdated
expression ard sbedldar relocalimion of Maiso pro-
rmizes metwation-redated gene silencirg of E-cadbenn.

Discirssian

Kaizo prevoush was obeerwed to be localized predon:
iratdy in tecyioplasmn of wenioas unor pes, ircloding
prostte caneer, == Hemin, we obsaved positve nuclear
expreszion of Kaiso in aggressive wnors from prostae
carcer patiants. This espression profle was reproduc-
ible Eing o cormmercidly available artbodes 1o botb
the 5FE ard 12H epiopes. Saniganfimive analysis of
kaizo espression shows tat noclear espression signii-
carly comelaes wit increasing o grade and Gles-
sonEcone, A comadation wit roclear expressionand PSA
lewds alzo was cbeaved, altooghitwas not foond © b
sigrifcant, possibly owing 1o e lirmited nonber of pa-
tieris wit dozunenied PSA infarnaion. Althougha lange
rirber of padents showed noclear posiivty, weindesd
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Jratadhe 5 Ear reezu v Jores 12 woed paafiz
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coctral. Chr ook ipkakicn productes weard soebrzed B rad-
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cbeaved cyigplasmic espression within oo patent co-
biort. Lo leveds of expression were cbeersed in e cy-
iopl==m in nomral and berign paients. Cridcal aralysis
of 3 adbpopU=aion of nommaliaor paired samples fom
132 individrel paients showed tat alboogh Kakso ex-
pression was cyioplasmic in nomal isses, b come
spording raligrart =mples showed 3 shift 1o B2 noe
clear cormnpanrment. Furbemnone, eooestal wmors Fom
e o2~ invivo mocee rmiode also showed sigrifcant
inczreEsesin Kaiso expression, as wall as posive noclear
eapmession comparsd wih nommal mached comrol ==
These findngs iorther emphasize 3 role o roclear kaizo
in urnorigeresis.

‘aros ol tapes have displaved aabcldar localiza-
fonof Kaisoinodtre, Areport by Soubry et al™ shiowed
tat microrenvironmental diffeences, soch as wo-di-
rerEional vers s thres-dmersiond eriga cuure core
difiore or call dereity, imfluences boh subcaldar local-
izatian and espression. Deree tres dirmersional cuures
oif moriarnongeric WlCF-104 calls over 3 rdiday penicd,
showed 3 cybplasmic re-lozalizmtion and everm &l los = of
kaizo espression as cdines becone deree, whichalzo
iz associaed wih E-cadberin present 2t e rermbrane.
HT2S or S colon cancer o=lls, which dsplay moclear
Faizo, dd mat show 3 diference in Kaiso locaizaion,
e under Fypoeic condiions. Howaeer, no single factor
Fas been associated with localizstion of Fakso in e
eyvtoplasTnic and noclear comparments © deie AR
EsF, sbirdardy secmeted in e prirmany Sommor microsre
wrorrert 527 iz uperegulzed doing bypoai, 2 ardis a
robist promoter of call migration, invasion, and metasta-
g2 %% Cormonky used DU-45 and PC-3 edls, and a
D445 'WT call lime, in which we cverespress B3FR,
ressal Hat the rmore aggresswe D45 WT and PC-3
cells shiow increased Kaiso espression and moclear lo-
calizaion, whersas LhZaP and DU 45 cells show lower
lesels amd an incressed reio of cvioplasmic-o-roclear
kaizo. Furbemone, s is independent of cuhre derr
sity. This wodd soggest et Kaizo abedldar lozaliza-
ion, atleast in pan, iz irduenced by Kaiso lewss within
tizcdl. Thereare tao ines of evdencs inapport of His
Fepatesi= . First, we observed that B3F stirnddation ne-
2tz inan increEsed espression and a3 cwioplasmmic-to-
riuzlsar espression shiftin U 45 calls. However, inthe
reserse eapenirnert in DU 45 'WT and PO-2 calls, Blochk-
imy B3FFR sigraling resdted in a decresse in overall
kaizo lewss in both the eyioplasmic and noclear com-
parrnerits . Second, edine Carty canine kidney epithe-
lial cells and WCF-? breast cancer cddls, which bot dis-
Flay Kaizo predomirat=ly in te cyvioplasm, dsplay
irrnedize noclear expression afer ovensspression with
Kaizo o DM AR both call lines. ® The fact tat activation or
atienmtionof EGF R sigreling, 25 opposed tocall dersity
alome, moddaed Faiso expression and losalization is
likedy ootirg o reirionced auiochine Agraling in e highly
aggressive cancinana call limes compansd with moncar-
cimonma and'or eady stage cancinoma o=l limes, which do
ot posssss tis Eatae. Altoogh we dd not deemnine
wheter Faizo iz phosphordated in respores o B5F, it
appears that Baisois smilar ©other canca-radated ran
senption fctos (ERK and ZEBA ) et nomally reside in

e cyioplasm unil ey are sigreled o m@relcate o e
rclens. These indirgs esablish tat espression and
subcalldar lozdizaion of Kaso iz at least parially irdo
erced by EGFR.

‘We heve ound in prostae carciroma limes thatinhibi-
fion of the aocrine B3FR loop (and likey the B5FF
induced hepatocyte growh factorfc-rmet aoiocnne
loop™=), eiter by direct dsnption of the sigraling loop or
by secondary sie sigraling fransatenmtio, resds in
E-zadbenin reesspression and 3 relocalizzion of bobh
p1a0ctm and E-cadbenin to call-call cortactk 1555 £
cadhenn expression is dowrdeguaed by tao mecha-
risres: postarcatioral rmodiicatior’® o hwpemnethd-
ation of prommoer.® In addion o E-cadhenn, He
propoesd Maizo wrget gere 540 0044 (mis-1 ) pically is
silerzed by retwlaion in epithelid tomors *47 ard bas
b inmplicated in E3FFrmedized call migzion as
] 1EAEEE Dor res dts showed that shiRMA-argeted de
pledon of Kaizoin boh DU A5 and FC-3 edls showed
decreazed cdl migaion and irvasion, even in the pres-
erce of B3F stimdaion. Fubemmone, s Kaizo P32
celz, which bave 3 parially methwdated E-cadbenin pro-
roier,* re-espress Ecadbeninat Rl and protein levels
sirrilar to hoee catsed by exposune o the dernetdating
agait Sramm-2-decowsyidine. Similar o findngs in
MIHZT3S calls * we did cbserse that Kaizso directy binds ©
CpiE-richregias in e Ecadbenn promoker, As a resut
of E-cadberin reespression, sheKaiso cdls alzo dis-
plawed rmophologc danges, which concided with de-
creases in e mesenchamal markers eadbenn and
fibrorecin. Together thesa markers are of clinical impor-
tarce indetarnining epiteial versus messnchunal cells
in varous Lo tpes ircluding prostae cancer. ! We
did rot observe ary changes inS10044 or P eepines-
sion in iz miodd (data not shown), alithoogh both bawe
biean implcated in B3FR signaling. This is suprising,
given et both 51 0084 and ivP-7 Fawe beenlinked 1o
kaizo troogh metwation or coreeres seqercebing
ing. == Howewer, colectivaly, oo indings suggest that
kaizo iz 3 promoer of cdl migredon froogh loss of
cel|- ol cobesiversss.

These chesrmtions provide a plausible esplanation or
a niarber of events duning the progression o aggressive-
rie== inepitheial wrmors. For example, Beadbenn pro-
roEr iz hypemettdaed in most ealy stage loboar
brezs thurmiors ; however, sxpression of BEcadbernproein
iz retained. kis only inlate-swge turmors, which coincide
wit o cbeerved moclear Kaizo shift, tata lack of E
cadhenin protein expression coinzides wit prormoer by
pemretylaion® hiore speciically, irmmanohisiocheni-
cal sining displyed loss of pd20cin and Ecadhenin
expression 2t He leadng edge of s emoas ol carci-
roras, which coincides with noclear Baiso positivt =
Altroogh a Baiso-pd 8000 comples has been cbeavedin
the modeus of other call wpes 5532 gnilar o sgB-
moE cell cardmomas, naclear pld0cn bas not been
cheerved in prostae ormors 24 e dd ot obsenve
riclear pd 20cin in ary of e prostate cancer o=l lirnes,
even ater BaF resiment (date not shoan). Thas, e
plalcir-kaizo rdatiorship in e nocleus, at ==t in



prostate cancer, dees not ap pear o contribute o agares-
Sivieness.

The olservation thal Kaise was increased in African
American patients was intriguing. Several repots have
shown that EGFR is coversxpressed in African Amesrican
prostate cancer patients.*® In addition, $051, which isa
regulator of EGFR expression and downstream signaling,
alse is increasad in African American prostate cancer
patients as well 7 Becauss our findings show that Kaise
expression 15 postivity-influeneed by EGFR activation, it
i possible that overexpression of EGFR confributes to
incteased Kaise levels inothis patient population. Al
thaugh this currently rerains speculative, it does begin
to provide mote insight inte why African Amearican pros-
tate cancer patients show mote agaressive disease pro-
gression than do white patients in epidemiclgic stud-
ies 4242 More work should be performed to further defing
this relationship, specifically inAftican Amearican prostate
cahcer patients.

In summary, Kaise cytoplsmic-to-nuclear localizafion
correlfe s with rrany features of prostate cancer progres-
sioh, inzluding race. Epithelialto-mesenchyrral transition
has been identfied as a common mechanism underying
therapeutic resistance and has been linked to poor prog-
nosis in many types of cancer, inclding prostate can-
cer®™ The fact that we found that Kaiso is regulated
through EGFR activity provides additional mechanistic
insight into the signaling pathway that apparent by contrik-
utes fo agaressive prostate cancer. Because a krge
numker of umorfmetastasis suppressor genss are Si-
lencedasanesult of methylation, Kaise could ke acentral
requlator of many key evants that contribute o tumeri-
genesis and agaressivensss. Targeting of growth factor
receptors has shown miniral therapeutic effects for pros-
tate cancers. Meverhelzss, fargeting of downstream me-
diators of metastasis, such as Kaiso, could be a rational
approazh for develeping a new target for directed ther-
apies.
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Clayton Yates

Abstract

During each step of prostate cancer metastasis, cancer displays phenotypic
plasticity that is associated with the expression of both epithelial and mes-
enchymal properties or an epithelial to mesenchymal transition. This phe-
notypic transition is typically in response to microenvironment signals and
is the basis for basic cancer cell survival (e.g. motility and invasion versus
proliferation). In this review we discuss the loss and gain of E-cadherin
expression as a marker of tumor plasticity throughout the steps of metas-
tasis, and particularly focus on dynamic tumor—stromal interaction that
induce a cancer cell-associated mesenchymal to epithelial reverting transi-
tion in the bone and liver microenvironments.

7.1  Epithelial to Mesenchymal

Transition

Histological evidence of distinct neoplastic cell
types within a tumor mass were observed as early
as 1978 [1]. There are two main cell types; epi-
thelial and mesenchymal cells, albeit most tumor
cells are derived from epithelial origins, however
in 1987 the term epithelial to mesenchymal tran-
sition (EMT) was utilized. This was subsequently
followed by Elizabeth Hay in 1995 [2], with a
cellular characterization of transitioned cells, that
is still currently ufilized to identify phenotypic
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subtypes within the tumor mass. Several hallmarks
to phenotypically characterize these transitioned
cells, such as cellular morphogenesis, change in
shape, and tissue organization have all been asso-
ciated with EMT. However, loss of cell-cell con-
nectivity appears to an essential step feature.
Normal epithelial cells comprise a sheet of cells
that adhere laterally to each other by cell-to-cell
junctions. In addition, epithelial cells have apical—
basolateral polarization that is maintained through
organization of the actin cytoskeleton, which hag
intimate interactions with cell membrane adhe-
sion molecules such as cadherins, tight junctions,
and certain integrins. This allows the polarized
cells to maintain cell—cell junctions as a lateral
belt, preventing robust cell motility, while remain-
ing within the epithelial layer.

Mesenchymal-like cells, on the other hand, are
spindle-shaped cells that exhibit end-to-end polarity,

1.5, Bhim and R. Kremer (2ds.), Human Cell Transformation. Role of Stem Cells a1
and the Microenvivonment, Advances in Experimental Medicine and Biology 720,
DOl 10, 1007/973-1-4614-0254-1_7, @ Springer Science+Business Madia, LLC 2011
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and have fibroblast morphology. Mesenchymal
cells do not form an organized cell layer, nor do
they have the same apical-basolateral organiza-
tion, polarization of cell surface molecules, and
the actin cytoskeleton as epithelial cells. Cell—<cell
contacts with neighboring mesenchymal cells are
possible, however limited to focal adhesion only.
As such this provides the freedom to migrate and
interact with the surround extracellular matrix
(ECM}. Cell migration results from dynamic
remodeling of actin into filamentous filopodia,
lamellipodia, stress fibers. These cell protrusions
lead to dynamic interactions with ECM substrates,
which are mainly intergring. The onset of these
cell extensions are a prerequisite for maintenance
of cell motility in normal and cancer cells, whether
they are initiated spontanecusly or induced by
chemokines and growth factors. Coincidently, the
migration mechanisms that occur in normal, non-
neoplastic cells, such as embryonic morphogene-
#is, wound healing and immune-cell trafficking
are identical to neoplastic cells [3, 4].

7.1.1 Epithelial to Mesenchymal

Transition in Prostate Cancer

EMT has been shown to be a necessary step in
the dissemination of cancer cell from the primary
tumor mass. During this process there have been
documented changes in the phenotypic expres-
sion of the cancer cells including a reduction in
the cell adhesiveness. In-depth analysis showed
that reduced or aberrant expression of cytokeratin
levels, and cell—cell contacts related proteins are
observed over multiple cancer types including
breast and prostate cancer. Adhesive complexes
such as Z0-1, desmoplakin, and E-adherin are
typically loss, and serve as a prerequisite for dis-
semination. The clinical significance of E-cadherin
loss has also been well documented. Decreased
expression of cell adhesion molecule E-cadherin
has been largely observed to be inversely corre-
lated clinical characteristic including grade, local
invasiveness, and biochemical failure after sal-
vage radictherapy. Furthermore, patients with bio-
chemical failure after prostatectomy and aberrant
E-cadherin expression are likely to have subclinical

C Yates

disseminated disease [5]. Thus, the mechanisms
responsible for such changes in adhesion com-
plexes are of great interest.

Majority of the reports focused on of
E-cadherin gene (CDHIT), suggest that hyperm-
ethylation of the E-cadherin promoter [6, 7], is
the main mode of downregulation, however a
combination of mutations in one allele with loss
or inactivation (by DNA methylation) of the
remaining allele [8, O] has been observed.
However, in many types of cancer including
breast and prostate cancers, E-cadherin expres-
sion 1s lost without mutations in the gene [10],
due to transcriptional repression of E-cadherin,
Concomitant with the logs of E-cadherin,
N-cadherin levels increases during prostate carci-
nomas. This increased expression of N-cadherin
has also been observed in invasive prostate can-
cer cell lines, and iz associated with androgen
deprivation [11]. The decreases in E-cadherin
expression and increases in N-cadherin expres-
sion have been shown to be correlated with
increased metastatic ability [12, 13]. Upregulation
of N-cadherin, and cadherin-11, and OB (osteo-
blasts) cadherin are typically associated with
high-grade E-cadherin negative tumors. Other
EMT-related changes included transition from
cubodial morphology to a spindle-shaped fibro-
blastic morphology, and genotypic changes includ-
ing loss of cytokeratin, and increased vimentin,
snail, collagen I, thrombospondin-I, and other
mesenchymal genes. However, the most consis-
tent marker of EMT has been E-cadherin.

The relevance of EMT-associated markers is
supported by studies describing how expression
is regulated. Many transcription factors such as
the family of zinc finger proteins of the Slug/
Snail family, EF1/ZEB1, 5IP-1, and the basic
helix-loop-helix E12/BE47 factor that interact with
E-box sequences in the proximal E-cadherin pro-
moter region triggering repression. Of these
transcriptional repressors, forced expression of
SNAIL is sufficient to induce EMT in ARCAP,
and LnCaP prostate cancer cell lines [14], while
Shig acts to only regulate cell proliferation [15].
However, recent reports have suggested in PC-3
cells that SNAIL inhibition alters common EMT
markers, but does not affect invasiveness [16].
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Other transcription factors are implicated as EMT
mediators as well. TWIST, a highly conserved
bHLH transcription factor, is upregulated in 90%
of prostate cancer tissues. RNAI interference of
TWIST expression significantly increased sensitiv-
ity to the anticancer drug taxol-induced cell death
[17]. Furthermore, in addition to EMT, TWIST
may also promote prostate cancer to bone metas-
tasis by modulating prostate cancer cell-mediated
bone remodeling via regulating the expression of
a secretory factor, DKK-1, and enhancing osteo-
mimicry of prostate cancer cells [18]. Thus,
multiple factors contribute EMT in prostate
cancer cells. Although the complex mechanisms
that regulate the expression of multiple factors
simultaneously in prostate cancer one common
observation is that targeting individual factor is
sufficient to reverse step wise events associated
with EMT, thus providing targets for the develop-
ment of therapeutics.

Decreased cell—cell adhesion in many cancers
may not only be the result of direct transcriptional
regulation. Soluble factors such as epidermal
growth factor (EGF), scatter factor/hepatocyte
growth factor (SF/HGF), and members of the
transforming growth factor, TGFR1, and basic
fibroblast growth factor (bFGF) families have
been shown to promote EMT in several model
systems. Most all of these have been shown to
influence the downregulate of E-cadherin expres-
sion with subsequent increased cell proliferation,
dedifferentiation, and induction of cell motility
[19-21]. As cancer-associated EMT is reversible,
the loss of cellcell connections creates a situation
where decreased E-cadherin levels concede the
tight junctions and enable apically secreted solu-
ble growth factors to establish an autocrine loop
with the basolaterally sequestered receptors. [22].
This feed-forward mechanism supports the main-
tenance of the mesenchymal phenotype. Although
decreased levels of E-cadherin mRNA occurs at
the transcriptional level, E-cadherin stability is a
directresult of phosphorylated catenins. Extensive
investigations have revealed that increased phos-
phorvlation of the preferential catenins, [3-catenin
and pl20, destabilize the cadherin complex thus
inducing scattering of cancer cell lines to a more
invasive phenotype [23]. We have showed that

DU-145 and PC-3 cells express aberrant pl20ctn
and [G-catenin, and this is reversible through
blockage of EGFR signaling [24]. In addition
to disrupting the cellcell junctions and enabling
a more migratory phenotype, EGF upregulates
secretion of matrix metalloproteinases that degrade
the ECM aiding in tumor dissemination. EGF
upregulates matrilysin (MMP-7) that mediates
extracellular cleavage of E-cadherin, thereby fur-
ther disrupting cellcell adhesion and switching
of prostate cells from a lesser to a highly invasive
phenotype [25]. Thus ADAMI0, ADAMO knock-
down increased FE-cadherin and integrins and
modulates epithelial phenotype and functional
characteristics of prostate cancer cells [26], further
emphasizes the vast number of pathways regu-
lating E-cadherin expression.

Accumulating evidence suggest that growth
factor-induced EMT is the result of transcriptional
reprogramming and chromatin remodeling. Of
the soluble growth factors mentioned, TGFR-1 is
the most noted, however for the focus of this
review we will focus on tyrosine kinase growth
regulation of EMT. IGF-I stimulation of ARCaP,
cells upregulates ZEB1 expression in prostate
cancer cells exhibiting a phenotype and increased
cell migration. The authors also demonstrated that
this 1z mediated through activation of MAPK/
ERK pathway [27]. Similarly EGF, which is a
robust stimulator of the MAPK pathway, resulted
in activation of new EMT-related marker receptor
activator of NF-xB ligand (RANKL), and
enhances bone resorption and bone turnover,
facilitating successful bone metastasis [14].
Findings from our laboratory, support these obser-
vations in DU-145 and PC-3, both of which
undergo enhanced EMT upon EGF stimulation
[14, 28, 29].

It is important to note that in addition to
transcriptional repression, DNA methylation of
key tumor suppressor and EMT-related genes has
been observed. In the case of E-cadherin, avail-
able cell culture models DU-145 and PC-3 do not
exhibit methylation of E-cadherin, however this
is not observed clinically, as E-cadherin is meth-
ylated in 70% of late-stage prostate [30].

More recently microRNAs (miRNAs), small
non-coding RNAs regulating gene expression,
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Prmary Prostate Tumor

Prostate Liver Mctastasis

Fig. 7.1 Tumor cells exhibit phenotypic plasticity within
the liver microenvironment. (a) Human primary prostate
cancer ({eff) and metastases to liver (right) show expres-
sion of E-cadherin. Formalin-figed, paraffin-embedded
tissues were obtained from two well-de fined prostate ade-
nocarcinomas with liver metastasis, and stained with
E-cadherin antibody. (b) Immunofluorescence of co-cultures

of co-culture. However, after long-term cocul-
ture (14 days) MCF-7 cells underwent three-
dimensional organization. These findings are
similar to our prostate cancer patient observa-
tions and provide the proof-of-principle that
E-cadherin-associated EMT is the result of

shows subcellular location of E-cadherin re-expression.
MCF-7 RFP (red) and GFP (green) primary rat hepato-
cytes were stained with human-specific anti-E-cadherin
for a multiday period. Top left (Day 2), top right (Day 4),
bottom left (Day 8), bottom right (Day 14). Cy5 second-
ary antibody (blue) was used for E-cadherin primary
antibody

dynamic interactions of the tumor cell with its
surrounding microenvironment.

Since we were able to observe stromal-induced
reexpression of E-cadherin within the liver
microenvironment, would suggest that a reepithe-
lialization process is necessary for establishment
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Fig.7.2 ARCaP_ cells show a growth and colony-form-
ing capacity advantage in presence of HS-27a cells. (a)
ARCaP, cells were cocultured in the presence of GFP-
HS-27a cells over a 6-day period. Growth of RFE,
ARCaP, or ARCaP, human prostate cancer cells was
assessed by RFU (relative fluorescent units) in the pres-
ence cocultures over a 6-day period. Results are
means+ SE of three independent experiments. *P, 0.05
{(Student’s ¢ test) compared to cellnumber at day 1 +SEM.
(b) Clongenic colony-forming capacity of ARCaP_ and
ARCaP, prostate cancer cell after coculture +SEM.

ARCaP) data was normalized to ARCaP, control, and
ARCaP_ data was normalized to ARCaP_ control. (c)
Clonogenic colony forming capacity of ARCaP; and
ARCaP,  prostate cancer cell after coculture+SEM.
ARCaP, data were normalized to ARCaP,  control, and
ARCaPp data were normalized to ARCaPg control (Note
HS-27a induced slightly (1.35%) the growth of ARCaP,,
cells but markedly (8x) the growth of ARCaPy cells). (d)
ARCaP_or ARCaP, cells were cocultured with HS-27a
cells. Shown are phase contrast images of colonies
formed in the clonogenic assay
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of secondary tumors. However, given the inher-
ent differences in the stromal parenchyma of each
organ, it 1s likely that multiple soluble factors can
achieve similar effects.

For example, exogenous BMP-7 was able to
induce E-cadherin of prostate tumors within the
bone microenvironment, however failed to have
any effect on tumors within the lymph nodes
[40]. Furthermore, differential expression of a
number of angiogenesis-associated genes and
their proteins between prostate cancer metastasis
to bone versus liver, and lymph nodes have been
observed [41]. To determine if this is case with
E-cadherin-associated EMT, we cocultured the
ARCaP model with bone marrow stromal cells.
Cocultured ARCaP,, cells displayed a reversal of
E-cadherin, and the more epithelial ARCaP_ cells
showing increased colony-forming capacity and
growth advantage in presence of bone stromal
cells [42]. Clinical evidence of E-cadherin expres-
sion in bone metastasis has been observed, and
interesting is associated with a reversal of
E-cadherin-specific methylation pattern [43].

7.3  Targeting Cell Adhesion

for Therapeutic Intervention

Although we are just at the beginning of under-
standing the directive role of the stroma, more
insight into how the stroma regulates tumor cells
will lead to better therapies for late-stage meta-
static disease. Multiple reports have suggested
the benefits of targeting E-cadherin as a thera-
peutic approach. For example, E-cadherin neu-
tralizing antibody (SHEP8-7) has been shown to
sensitize multi-cellular spheroids to microtubule
binding therapies in the taxane family in HT29
human colorectal adenocarcinoma cells [44].
A more recent observation that survival of andro-
gen receptor-expressing differentiated prostate
cells are dependent on E-cadherin and PI3K, but
not on androgen, AR or MAPK [45]. Indeed this
is the case because our findings suggest the
blocking E-cadherin cellcell interaction with
E-cadherin neutralizing antibody, decreased both
epithelial or mesenchymal-like prostate cells

from reepithelialization and colonizing the bone
microenvironment. The neutralizing antibody
increases their sensitivity to radiation treatment
[42]. Of further clinical benefit, recently a mono-
conal antibody to N-cadherin has been described
as an effective treatment for prostate cancer limiting
local invasion and metastasis both in vitro and
in vivo [12]. Thus, blocking cellular adhesions
appears to be a rationale strategy limiting pros-
tate cancer metastasis.

74  Summary

In summary, we propose that the EMT required
to “escape” from the primary tumor mass is tran-
siently “reverted’” during the initial stages of met-
astatic seeding, enabling the alien tumor cell to
incorporate into the target tissue and derive survival
signals thereof. Thus, tumor—stromal-interacts
induce cellular plasticity gives rise to distinct
populations of cancer cells within secondary site.
This plasticity gives rise to distinct population,
i.e. mesenchymal phenotype and its kinetic char-
acteristics (motility/invasive), and the epithelial
characteristics necessary for secondary tumor
development. Our findings that epithelial cells
are more successful in establishing secondary
tumor suggest that dissemination from the pri-
mary tumor mass requires the mesenchymal phe-
notype, however a mesenchymal to epithelial
trangition 13 associated with initial metastatic
seeding and subsequent formation of a cohesive
tumor mass within the bone microenvironment
(Fig. 7.3). Critical to ouwr model of phenotypic
mesenchymal-to-epithelial-reverting transitions is
the underling signaling mechanisms that mediate
this transition. Multiple-cell signaling pathways,
most likely initiated by stromal-derived soluble
factors, converge on an ever-expanding set of
transcriptional and post-translation factors that
epigenetically regulate specific proteins that ulti-
mately serve as markers of the epithelial vs. mes-
enchymal phenotype. Understanding the events
may offer new opportunity to target during and
the reverting transition that appear to be essential
to metastatic relapse.
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